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A Corporate Dedication to 
Quality and Reliability 


National 
Semiconductor 
is an industry leader in the 
manufacture 
of high quality, high reliability integrated 
circuits. We have been the leading proponent 
of driv- 
ing down IC defects and extending 
product lifetimes. 
From raw material through product design, manufac- 
turing and shipping, our quality and reliability is second 
to none. 
We are proud of our success ... 
it sets a standard for 
others to achieve. Yet, our quest for perfection 
is on- 
going so that you, our customer, can continue to rely 
on National 
Semiconductor 
Corporation 
to produce 
high quality products for your design systems. 


Charles E. Sporck 
President, Chief Executive Officer 
National Semiconductor 
Corporation 


Wir fi.ihlen uns zu QualiUit und 
ZuverUissigkeit 
verpflichtet 


National 
Semiconductor 
Corporation 
ist fUhrend bei der Her- 
stellung 
von 
integrierten 
Schaltungen 
hoher 
Qualitiit 
und 
hoher 
Zuverliissigkeit. 
National 
Semiconductor 
war 
schon 


immer 
Vorreiter, 
wenn 
es galt, die Zahl von IC Ausfiillen 
zu 
verringern 
und die Lebensdauern 
von Produkten 
zu verbes- 
sern. Yom Rohmaterial 
Ober Entwurf 
und Herstellung 
bis zur 
Auslieferung, 
die Qualitiit 
und die Zuverliissigkeit 
der Pro- 


dukte von National 
Semiconductor 
sind unObertroffen. 


Wir sind stolz 
auf unseren 
Erfolg, 
der Standards 
setzt, 
die 
fOr andere 
erstrebenswert 
sind. Auch 
ihre AnsprOche 
steig- 
en stiindig. 
Sie als unser Kunde konnen 
sich auch weiterhin 
auf National 
Semiconductor 
verlassen. 


La Qualite et La Fiabilite: 
Une Vocation 
Commune 
Chez National 
Semiconductor 
Corporation 


National 
Semiconductor 
Corporation 
est un des leaders 
in- 


dustriels 
qui fabrique 
des circuits 
integres 
d'une 
tres grande 
qualite 
et d'une 
fiabilite 
exceptionelle. 
National 
a ete Ie pre- 
mier 
a vouloir 
faire 
chuter 
Ie nombre 
de circuits 
integres 
defectueux 
et a augmenter 
la duree 
de vie 
des 
produits. 


Depuis 
les matieres 
premieres, 
en passant 
par la concep- 


tion 
du produit 
sa fabrication 
et son expedition, 
partout 
la 
qualite 
et la fiabilite 
chez 
National 
sont sans equivalents. 


Nous 
sommes 
fiers 
de 
notre 
succes 
et Ie standard 
ainsi 


defini devrait 
devenir 
I'objectif 
a atteindre 
par les autres 
so- 
cietes. 
Et nous continuons 
a vouloir 
faire 
progresser 
notre 
recherche 
de la perfection; 
il en resulte 
que vous, 
qui etes 
notre 
client, 
pouvez 
toujours 
faire 
confiance 
a 
National 
Semiconductor 
Corporation, 
en 
produisant 
des 
systemes 
d'une 
tres grande 
qualite 
standard. 


Un Impegno Societario 
di Qualita e 
Affidabilita 


National 
Semiconductor 
Corporation 
e un'industria 
al ver- 


tice 
nella 
costruzione 
di circuiti 
integrati 
di alta 
qualita 
ed 
affidabilita. 
National 
e stata il principale 
promotore 
per I'ab- 
battimento 
delia difettosita 
dei circuiti 
integrati 
e per I'allun- 
gamento 
delia vita dei prodotti. 
Dal mat9riale 
grezzo 
attra- 


verso 
tutte 
Ie fasi 
di progettazione, 
costruzione 
e spedi- 


zione, 
la qualita e affidabilita 
National 
non e seconda 
a nes- 
suno. 


Noi siamo 
orgogliosi 
del nostro 
successo 
che fissa 
per 91i 
altri un traguardo 
da raggiungere. 
II nostro 
desiderio 
di per- 
fezione 
e d'altra 
parte illimitato 
e pertanto 
tu, nostro 
cliente, 


puoi continuare 
ad affidarti 
a National 
Semiconductor 
Cor- 


poration 
per la produzione 
dei tuoi sistemi 
con elevati 
livelli 
di qualita. 


Charles 
E. Sporck 


President, 
Chief 
Executive 
Officer 


National 
Semiconductor 
Corporation 


FAST 


DATABOOK 


Circuit Characteristics 
• 


Ratings, Specifications, 
and Waveforms 
• 


Design Considerations 
• 


Advanced Schottky 
TTL Datasheets 
• 
Ordering Information 
and 
~ 
Physical Dimensions 
EIIII 


TRADEMARKS 


Following 
is the most current 
list of National 
Semiconductor 
Corporation's 
trademarks 
and registered 
trademarks. 


ABiCTM 
Embedded 
System 
Microtalker™ 
SABRTM 


Abuseable™ 
Processor™ 
MICROWIRETM 
ScriplY'Chek™ 


Anadig™ 
E-Z-L1NKTM 
MICROWIRE/PLUSTM 
SCXTM 


ANS-R-TRANTM 
FACTTM 
MOLETM 
SERIESI800™ 


APPSTM 
FACT Quiet Series™ 
MPATM 
Series 900™ 


ASPECTTM 
FAIRCADTM 
MSTTM 
Series 3000TM 


Auto-Chem 
Deflasher™ 
Fairtech™ 
Naked-8™ 
Series 32000@ 


BCPTM 
FAST@ 
National@ 
Shelf,,Chek™ 


BI-FETTM 
5-Star Service™ 
National 
Semiconductor@ 
Simple Switcher™ 


BI-FET IITM 
Flash™ 
National 
Semiconductor 
SofChek™ 


BI-L1NETM 
GENIXTM 
Corp.@ 
SONICTM 


BIPLANTM 
GNXTM 
NAX800™ 
SPIRETM 


BLOM 
GTOTM 
Nitride PIUS™ 
StaggereJ 
RefreshTM 


BLXTM 
HAMRTM 
Nitride Plus Oxide™ 
STARTM 


BMACTM 
HandiScan™ 
NMLTM 
Starlink™ 


Brite-Lite TM 
HEX3000TM 
NOBUSTM 
STARPLEXTM 


BSITM 
HPCTM 
NSC800™ 
Super-Block™ 
BTLTM 
13L@ 
NSCISETM 
SuperChipTM 


CDDTM 
ICMTM 
NSX-16TM 
SuperScriptTM 


CheckTrack™ 
INFOCHEXTM 
NS-XC-16TM 
SYS32™ 
CIMTM 
IntegrallSETM 
NTERCOMTM 
TapePak@ 


CIMBUSTM 
IntelisplayTM 
NURAMTM 
TDSTM 


CLASICTM 
ISETM 
OXISSTM 
TeleGate™ 


ClockvChek™ 
ISE/06TM 
p2CMOSTM 
The National 
Anthem@ 


COMBO@ 
ISE/08TM 
PC Master™ 
Time"ChekTM 
COMBO 
ITM 
ISE/16TM 
Perfect WatchTM 
TINATM 


COMBO 
IITM 
ISE32™ 
PharmavChek™ 
TLCTM 


COPSTM microcontrollers 
ISOPLANARTM 
PLANTM 
Trapezoidal™ 
CRDTM 
ISOPLANAR-ZTM 
PLANARTM 
TRI-CODETM 


DA4TM 
KeyScan™ 
PLAYERTM 
TRI-POLYTM 


Datachecker@ 
LMCMOSTM 
Plus-2™ 
TRI-SAFETM 
DENSPAKTM 
M2CMOSTM 
Polycraft™ 
TRI-STATE@ 


DIBTM 
Macrobus™ 
POSilink™ 
TURBOTRANSCEIVERTM 
Digitalker@ 
MacrocomponentTM 
POSitalker™ 
VIPTM 


DISCERNTM 
MAXI-ROM@ 
Power + Control™ 
VR32TM 


DISTILLTM 
Meat •.••Chek™ 
POWERplanar™ 
WATCHDOGTM 
DNR@ 
MenuMaster™ 
QUAD3000™ 
XMOSTM 
DPVMTM 
Microbus™ 
data bus 
QUIKLOOKTM 
XPUTM 
E2CMOSTM 
MICRO-DACTM 
RATTM 
Z STARTM 


ELSTARTM 
J.Ltalker™ 
RTX16™ 
883B/RETSTM 


883S/RETSTM 


Ethernet@ 
is a registered 
trademark 
of Xerox Corporation. 


LIFE SUPPORT 
POLICY 


NATIONAL'S 
PRODUCTS 
ARE NOT AUTHORIZED 
FOR USE AS CRITICAL 
COMPONENTS 
IN LIFE SUPPORT 
DEVICES 
OR 
SYSTEMS 
WITHOUT 
THE EXPRESS 
WRITIEN 
APPROVAL 
OF THE PRESIDENT 
OF NATIONAL 
SEMICONDUCTOR 
COR- 
PORATION. 
As used herein: 


1. Life support 
devices 
or systems 
are devices 
or systems 
2. A critical 
component 
is any component 
of a life support 
which, 
(a) are intended 
for surgical 
implant 
into the body, 
device 
or system whose failure to perform 
can be reason- 
or (b) support 
or sustain 
life, and whose 
failure 
to per- 
ably expected 
to cause 
the failure 
of the life support 
de- 
form, when properly 
used in accordance 
with instructions 
vice or system, 
or to affect 
its safety 
or effectiveness. 
for use provided 
in the 
labeling, 
can 
be reasonably 
ex- 
pected 
to result in a significant 
injury to the user. 


National 
Semiconductor 
Corporation 
2900 Semiconductor Drive, P.O. Box 58090, Santa Clara, California 95052-8090 (408) 721-5000 
TWX (910) 339-9240 


National 
does 
not assume 
any 
responsibility 
for 
use 
of any 
circuitry 
described, 
no circuit 
patent 
licenses 
are 
implied, 
and 
National 
reserves 
the 
right, 
at any 
time 


without 
notice, 
to change 
said 
circuitry 
or specifications. 
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Fairchild 
Advanced 
Schottky 
TIL, 
FAST®, is a family of TTL 
circuits 
that exhibits 
a combination 
of performance 
and effi- 


ciency unapproached 
by any other TTL family. Made with the 
proven 
Isoplanar 
process, 
54F/74F 
circuits 
offer the switch- 
ing speed 
and output 
drive capability 
of Schottky 
TTL, with 
superior 
noise margins 
and only one-fourth 
the power 
con- 
sumption. 


Product Index and Selection Guide 


Lists 
54F/74F 
circuits 
currently 
available, 
in 
design 
or 
planned. The Selection 
Guide groups the circuits by function. 


Section 1 
Circuit Characteristics 
1·1 


Discusses 
FAST technology, 
circuit configurations 
and char- 
acteristics. 


Section 2 
Ratings, Specifications and 
Waveforms 
2·1 


Contains 
common 
ratings and specifications 
for FAST devic- 
es, as well as AC test load and waveforms. 


Section 3 
Design Considerations 
3-1 


Provides 
the designer 
with useful guidelines 
for dealing 
with 
transmission 
and other high speed design concerns. 


Section 4 
Data Sheets 
4-1 


Contains 
data sheets for currently 
available 
and pending 
new 
products. 


Section 5 
Ordering Information and 
Package Outlines, Field Sales 
Offices, Representatives 
and Distributor Locations 
5-1 


Explains 
simplified 
purchasing 
code 
which 
identifies 
device 
type, package 
type and temperature 
range. Contains 
detailed 
physical 
dimension 
drawings 
for each package. 


~National 
semiconductor 


Product Status Definitions 


Definition of Terms 


Data Sheet 
Identification 
Product 
Status 
Definition 


Advance Information 
Formative 
or 
This data sheet contains 
the design specifications 
for product 


In Design 
development. 
Specifications 
may change 
in any manner 
without 
notice. 


Preliminary 
First 
This data sheet contains 
preliminary 
data, and supplementary 
data will 


Production 
be published 
at a later date. National 
Semiconductor 
Corporation 


II 


reserves 
the right to make changes 
at any time without 
notice in order 
to improve 
design and supply the best possible 
product. 


No 
Full 
This data sheet contains 
final specifications. 
National 
Semiconductor 
Identification 
Production 
Corporation 
reserves 
the right to make changes 
at any time without 
I: 
Noted 
notice in order to improve 
design and supply the best possible 
product. 


National 
Semiconductor 
Corporation 
reserves 
the 
right 
to 
make 
changes 
without 
further 
notice 
to any 
products 
herein 
to 
improve 
reliability, 
function 
or design. 
National 
does not assume 
any liability arising out of the application 
or use of any product 
or circuit 
described 
herein; 
neither 
does it convey 
any license 
under its patent 
rights, 
nor the rights of others. 


Alpha-Numeric Index 


29F52 8-Bit Registered Transceiver 
4-637 
29F53 8-Bit Registered Transceiver 
4-637 
29F68 Dynamic RAM Controller 
4-643 
54F/74FOO Quad 2-lnput NAND Gate 
4-6 
54F/74F02 
Quad 2-lnput NOR Gate 
4-9 
54F/7 4F04 Hex Inverter 
4-12 
54F/7 4F08 Quad 2-lnput AND Gate 
4-15 
54F/74F10 
Triple 3-lnput NAND Gate 
4-18 
54F/74F11 
Triple 3-lnput AND Gate 
4-21 
54F/7 4F13 Dual 4-lnput NAND Schmitt Trigger 
4-24 
54F/7 4F14 Hex Inverter Schmitt Trigger 
4-27 
54F/74F20 
Dual4-lnput 
NAND Gate 
4-30 
54F/74F27 
Triple 3-lnput NOR Gate 
4-33 
54F/74F30 
8-lnput NAND Gate 
4-36 
54F/74F32 
Quad 2-lnput OR Gate 
4-39 
54F/74F37 
Quad 2-lnput NAND Buffer 
4-42 
54F/74F38 
Quad 2-lnput NAND Buffer (Open Collector) 
4-45 
54F/74F40 
Dual4-lnput 
NAND Buffer 
4-48 
54F/74F51 
2-2-2-3 AND-OR-Invert Gate 
4-51 
54F/74F64 
4-2-3-2-lnput AND-OR-Invert Gate 
4-54 
54F/74F74 
Dual D-Type Positive Edge-Triggered Flip-Flop 
4-57 
54F/7 4F86 Quad 2-lnput Exclusive-OR Gate 
4-61 
54F/74F109 
Dual JK Positive Edge-Triggered Flip-Flop 
4-64 
54F/74F112 
Dual JK Negative Edge-Triggered Flip-Flop 
4-68 
54F/74F113 
Dual JK Negative Edge-Triggered Flip-Flop 
4-72 
54F/74F114 
Dual JK Negative Edge-Triggered Flip-Flop with Common Clocks and Clears 
4-76 
54F/74F125 
Quad Buffer (TRI-STATE) 
4-80 
54F/7 4F132 Quad 2-lnput NAND Schmitt Trigger 
4-83 
54F/74F138 
1-01-8Decoder/Demultiplexer 
4-86 
54F/74F139 
DuaI1-of-4 Decoder/Demultiplexer 
4-90 
54F /7 4F148 8-Line to 3-Line Priority Encoder 
4-94 
54F/74F151A 
8-lnput Multiplexer 
4-98 
54F/7 4F153 Dual 4-lnput Multiplexer 
4-102 
54F/7 4F157 A Quad 2-lnput Multiplexer 
4-106 
54F/7 4F158A Quad 2-lnput Multiplexer (Inverted) 
4-110 
54F/7 4F160A Synchronous Presettable BCD Decade Counter (Asynchronous Reset) 
4-114 
54F/7 4F161 A Synchronous Presettable Binary Counter (Asynchronous Reset) 
4-121 
54F/7 4F162A Synchronous Presettable BCD Decade Counter (Synchronous Reset) 
4-114 
54F/7 4F163A Synchronous Presettable Binary Counter (Synchronous Reset) 
4-121 
54F/7 4F164A Serial-In, Parallel-Out Shift Register 
4-127 
54F/7 4F168 4-Stage Synchronous Bidirectional Counter 
4-131 
54F/74F169 
4-Stage Synchronous Bidirectional Counter 
4-131 
54F/74F174 
Hex D Flip-Flop with Master Reset 
4-137 
54F/74F175 
Quad D Flip-Flop 
4-141 
54F/7 4F181 4-Bit Arithmetic Logic Unit 
4-145 
54F/7 4F182 Carry Lookahead Generator 
4-151 
54F/74F189 
64-Bit Random Access Memory with TRI-STATE Outputs 
4-156 
54F/7 4F190 Up/Down Decade Counter with Preset and Ripple Clock 
4-160 
54F/7 4F191 Up/Down Binary Counter with Preset and Ripple Clock 
4-165 
54F /7 4F192 Up/Down Decade Counter with Separate Up/Down Clocks 
4-170 
54F/7 4F193 Up/Down Binary Counter with Separate Up/Down Clocks 
4-175 


Alpha-Numeric Index (Continued) 


54F/74F194 
4-Bit Bidirectional Universal Shift Register 
4-180 
54F/74F219 
64-Bit Random Access Memory with TRI-STATE Outputs 
4-184 
54F/7 4F240 Octal Buffer/Line 
Driver with TRI-STATE Outputs (Inverting) 
4-188 
54F/74F241 
Octal Buffer/Line 
Driver with TRI-STATE Outputs 
4-188 
54F/7 4F243 Quad Bus Transceiver with TRI-STATE Outputs 
4-192 
54F/74F244 
Octal Buffer/Line 
Driver with TRI-STATE Outputs 
4-188 
54F /7 4F245 Octal Bidirectional Transceiver with TRI-STATE Outputs 
4-195 
54F/74F251A 
8-lnput Multiplexer with TRI-STATE Outputs 
4-199 
54F/74F253 
Dual4-Bit Multiplexer with TRI-STATE Outputs 
4-203 
54F/74F257A 
Quad 2-lnput Multiplexer with TRI-STATE Outputs 
4-207 
54F/74F258A 
Quad 2-lnput Multiplexer with TRI-STATE Outputs (Inverting) 
4-211 
54F/7 4F269 8-Bit Bidirectional Binary Counter 
4-215 
54F/74F273 
Octal D Flip-Flop 
4-219 
54F/74F280 
9-Bit Parity Generator/Checker 
4-223 
54F/7 4F283 4-Bit Binary Full Adder with Fast Carry 
4-227 
54F/74F299 
Octal Universal Shift/Storage 
Register with Common Parallel I/O Pins 
4-232 
54F/74F322 
Octal Serial/Parallel 
Register with Sign Extend 
4-237 
54F/74F323 
Octal Universal Shift/Storage 
Register with Synchronous Reset and Common I/O 
Pins 
4-242 
54F/74F350 
4-Bit Shifter with TRI-STATE Outputs 
4-247 
54F/74F352 
Dual4-lnput 
Multiplexer 
4-253 
54F /7 4F353 Dual 4-lnput Multiplexer with TRI-ST ATE Outputs 
4-257 
54F/74F365 
Hex Buffer/Driver with TRI-STATE Outputs 
4-261 
54F/74F366 
Hex Inverter/Buffer 
with TRI-STATE Outputs 
4-264 
54F/74F368 
Hex Inverter/Buffer 
with TRI-STATE Outputs 
4-264 
54F/74F373 
Octal Transparent Latch with TRI-STATE Outputs 
4-268 
54F/74F374 
Octal D-Type Flip-Flop with TRI-STATE Outputs 
4-272 
54F/7 4F377 Octal D-Type Flip-Flop with Clock Enable 
4-276 
54F /7 4F378 Parallel D Register with Enable 
4-280 
54F/7 4F379 Quad Parallel Register with Enable 
4-284 
54F/74F381 
4-Bit Arithmetic Logic Unit 
4-288 
54F/74F382 
4-Bit Arithmetic Logic Unit 
4-294 
54F/74F384 
8-Bit Serial/Parallel Twos' Complement Multiplier 
4-300 
54F/74F385 
Quad Serial Adder/Subtractor 
4-306 
54F/74F398 
Quad 2-Port Register 
4-311 
54F/7 4F399 Quad 2-Port Register 
4-311 
54F/74F401 
Cyclic Redundancy Check Generator/Checker 
4-316 
54F/74F402 
Serial Data Polynomial Generator/Checker 
4-321 
54F /7 4F403A 16 x 4 First-In First-Out Buffer Memory 
4-329 
54F /7 4F407 Data Access Register 
4-346 
54F/74F410 
Register Stack-16 
x 4 RAM TRI-STATE Output Register 
4-353 
54F/7 4F412 Multi-Mode Buffered 8-Bit Latch with TRI-STATE Outputs 
4-357 
54F/7 4F413 64 x 4 First-In First-Out Buffer Memory with Parallel I/O 
4-362 
54F/74F420 
Paralleled Check Bit/Syndrome 
Bit Generator 
4-366 
54F/74F432 
Multi-Mode Buffered 8-Bit Latch with TRI-STATE Outputs 
4-371 
54F/74F433 
64 x 4 First-In First-Out Buffer Memory 
4-377 
54F/74F521 
8-Bit Identity Comparator 
4-391 
54F/74F524 
8-Bit Registered Comparator 
4-395 
54F /7 4F525 16-Bit Programmable Counter 
4-402 
54F/74F533 
Octal Transparent Latch with TRI-STATE Outputs 
4-409 
54F/74F534 
Octal D Flip-Flop with TRI-STATE Outputs 
4-413 
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54F/74F539 
DuaI1-of-4 Decoder with TRI-STATE Outputs 
4-425 
54F /7 4F540 Octal Buffer/Line 
Driver with TRI-STATE Outputs (Inverting) 
4-429 
54F/74F541 
Octal Buffer/Line 
Driver with TRI-STATE Outputs 
4-429 
54F/74F543 
Octal Registered Transceiver 
4-433 
54F/74F544 
Octal Registered Transceiver (Inverting in Both Directions) 
4-438 
54F/74F545 
Octal Bidirectional Transceiver with TRI-STATE Outputs 
4-443 
54F/74F547 
Octal Decoder/Demultiplexer 
with Address Latches and Acknowledge 
4-446 
54F/74F548 
Octal Decoder/Demultiplexer 
with Acknowledge 
4-451 
54F/74F550 
Octal Registered Transceiver with Status Flags 
4-455 
54F/74F551 
Octal Registered Transceiver with Status Flags 
4-455 
54F/74F552 
Octal Registered Transceiver with Parity and Flags 
4-461 
54F/74F563 
Octal D-Type Latch with TRI-STATE Outputs 
4-466 
54F/74F564 
Octal D-Type Flip-Flop with TRI-STATE Outputs 
4-470 
54F/74F568 
4-Bit Bidirectional Decade Counter with TRI-STATE Outputs 
4-474 
54F/7 4F569 4-Bit Bidirectional Binary Counter with TR I-STATE Outputs 
4-474 
54F/74F573 
Octal D-Type Latch with TRI-STATE Outputs 
4-485 
54F/74F574 
Octal D-Type Flip-Flop with TRI-STATE Outputs 
4-489 
54F/7 4F579 8-Bit Bidirectional Binary Counter with TRI-STATE Outputs 
4-493 
54F/74F582 
4-Bit BCD Arithmetic Logic Unit 
4-494 
54F/7 4F583 4-Bit BCD Adder 
4-498 
54F/74F588 
Octal Bidirectional Transceiver with IEEE-488 Termination Resistors and 
TRI-STATE Inputs/Outputs 
4-502 
54F/74F620 
Inverting Octal Bus Transceiver with TRI-STATE Outputs 
4-506 
54F/7 4F623 Inverting Octal Bus Transceiver with TRI-STATE Outputs 
4-506 
54F/7 4F632 32-Bit Parallel Error Detection and Correction Circuit 
4-510 
54F/74F640 
Octal Bus Transceiver with TRI-STATE Outputs 
4-522 
54F/74F643 
Octal Bus Transceiver with TRI-STATE Outputs 
4-522 
54F/74F645 
Octal Bus Transceiver with TRI-STATE Outputs 
4-522 
54F/74F646 
Octal Transceiver/Register 
with TRI-STATE Outputs 
4-527 
54F/74F648 
Octal Transceiver/Register 
with TRI-STATE Outputs 
4-527 
54F/74F651 
Octal Transceiver/Register 
with TRI-STATE Outputs (Inverting) 
4-534 
54F/7 4F652 Octal Transceiver/Register 
with TRI-ST ATE Outputs 
4-534 
54F/7 4F657 Octal Bidirectional Transceiver with 8-Bit Parity Generator/Checker 
and 
TRI-STATE Outputs 
4-540 
54F/74F673A 
16-Bit Serial-In, Serial/Parallel-Out 
Shift Register (Common Serial I/O Pin) 
4-545 
54F /7 4F675A 16-Bit Serial-In, Serial/Parallel-Out 
Shift Register 
4-550 
54F/74F676 
16-Bit Serial/Parallel-In, 
Serial-Out Shift Register 
4-554 
54F/7 4F779 8-Bit Bidirectional Binary Counter with TR I-STATE Outputs 
4-558 
54F/74F784 
8-Bit Serial/Parallel 
Multiplier with Adder/Subtractor 
4-559 
54F/7 4F794 8-Bit Register with Readback 
4-565 
54F/7 4F821 1O-Bit D-Type Flip-Flop 
4-569 
54F/74F823 
9-Bit D-Type Flip-Flop 
4-573 
54F/74F825 
8-Bit D-Type Flip-Flop 
4-577 
54F/7 4F827 1O-Bit Buffer/Line 
Driver 
4-581 
54F/7 4F828 1O-Bit Buffer/Line 
Driver 
4-581 
54F/7 4F841 1O-Bit Transparent Latch 
4-586 
54F/74F843 
9-Bit Transparent Latch 
4-590 
54F/74F845 
8-BitTransparent 
Latch 
4-594 
54F/7 4F899 9-Bit Latchable Transceiver with Parity Generator/Checker 
4-599 


Alpha-Numeric Index (Continued) 


54F/7 4F968 1 Megabit Dynamic RAM Controller 
4-609 
54F/74F2241 
Octal Buffer/Line 
Driver with 25.11Series Resistors in the Outputs 
4-621 


54F/7 4F2243 Quad Bus Transceiver with 25.11Resistors in the Outputs 
4-625 
54F/74F2244 
Octal Buffer/Line 
Driver with 25.11Series Resistors in the Outputs 
4-621 
54F/74F2620 
Inverting Octal Bus Transceiver with 25.11Resistors in the Outputs 
4-628 
54F/74F2623 
Inverting Octal Bus Transceiver with 25.11Resistors in the Outputs 
4-628 
54F/7 4F2640 Octal Bus Transceiver with 25.11Resistors in the Outputs 
4-632 
54F/7 4F2643 Octal Bus Transceiver with 25.11Resistors in the Outputs 
4-632 
54F/7 4F2645 Octal Bus Transceiver with 25.11Resistors in the Outputs 
4-632 


~National 
semiconductor 


FAST® Product Selection Guide 


Gates 


Function 
Device 
Inputsl 
No. of 
Leads 
Gate 
Gates 


NANDINAND 
Buffer 


Quad 2-lnput 
NAND 
54F/74FOO 
2 
4 
14 


Triple 3-lnput 
NAND 
54F174F10 
3 
3 
14 


Dual 4-lnput 
NAND Schmitt 
Trigger 
54F/74F13 
4 
2 
14 


Dual 4-lnput 
NAND 
54F/74F20 
4 
2 
14 


8-lnput 
NAND 
54F/74F30 
8 
1 
14 


Quad 2-lnput 
Positive 
NAND Buffer 
54F/74F37 
2 
4 
14 


Quad 2-lnput 
NAND Buffer (OC) 
54F/74F38 
2 
4 
14 


Dual 4-lnput 
Positive 
NAND Buffer 
54F174F4O 
4 
2 
14 


Quad 2-lnput 
Positive 
NAND Schmitt 
Trigger 
54F174F132 
2 
4 
14 


AND 


Quad 2-lnput 
AND 
54F174F08 
2 
4 
14 


Triple 3-lnput 
AND 
54F174F11 
3 
3 
14 


OR/NOR/Exclusive-OR 


Quad 2-lnput 
NOR 
54F174F02 
2 
4 
14 


Triple 3-lnput 
NOR 
54F174F27 
3 
3 
14 


Quad 2-lnput 
OR 
54F/74F32 
2 
4 
14 


Quad 2-lnput 
Exclusive-OR 
54F/74F86 
2 
4 
14 


Invert/ 
AND-OR·lnvert 


Hex Inverter 
54F/74F04 
1 
6 
14 
Hex Schmitt 
Trigger 
Inverter 
54F/74F14 
1 
6 
14 
Dual AND-OR-Invert 
54F/74F51 
3/3/2/2 
14 
AND-OR-Invert 
54F/74F64 
4/2/3/2 
14 


Dual Edge Triggered 
Flip Flops 


Function 
Device 
Clock 
Direct 
Direct 
Leads 
Inputs 
Set 
Clear 


Dual D Positive 
54F174F74 
../ 
Yes 
Yes 
14 
Dual JK Positive 
54F174F109 
../ 
Yes 
Yes 
16 
Dual JK Negative 
54F174F112 
"- 
Yes 
Yes 
16 
Dual JK 
54F174F113 
"- 
Yes 
14 
Dual JK Negative 
(Common 
Clocks & Clears) 
54F174F114 
"- 
Yes 
Yes 
14 


IIIJoIUUt 
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Hex D Flip-Flop 
54F174F174 
--./ 
Yes 
16 


Quad D Flip-Flop 
54F174F175 
--./ 
Yes 
16 


Octal D Flip-Flop 
54F174F273 
--./ 
Yes 
20 


Octal D Flip-Flop 
54F174F374 
--./ 
Yes 
20 


Octal D Flip-Flop 
w/Clock 
Enable 
54F174F377 
--./ 
20 


Parallel 
D Register 
w/Enable 
54F174F378 
--./ 
16 


Parallel 
D Register 
w/Enable 
54F174F379 
--./ 
16 


Octal D Flip-Flop 
54F174F534 
--./ 
Yes 
20 


Octal D Flip-Flop 
54F174F564 
--./ 
Yes 
Yes 
20 


Octal D Flip-Flop 
54F174F574 
--./ 
Yes 
Yes 
20 


1O-Bit D Flip-Flop 
54F174F821 
--./ 
Yes 
Yes 
24 


9-Bit D Flip-Flop 
54F174F823 
--./ 
Yes 
Yes 
Yes 
24 


8-Bit D Flip-Flop 
54F174F825 
--./ 
Yes 
Yes 
Yes 
24 


Registers 


Function 
Device 
Clock 
Leads 
Inputs 


Parallel 
D Registerw/Enable 
54F174F378 
--./ 
16 


Quad Parallel D Registerw/Enable 
54F174F379 
--./ 
16 


Quad 2-Port Register 
54F/74F398 
--./ 
20 


Quad 2-Port Register 
54F174F399 
--./ 
16 


Serial Data Polynomial 
Generator/Checker 
54F174F402 
--./ 
16 


Data Access 
Register 
54F/74F407 
--./ 
24 


Register 
Stack-16 
x 4 RAM TRI-STATE 
Output Register 
54F174F410 
--./ 
18 


8-Bit Register 
with Readback 
54F/74F794 
--./ 
20 


Latches 


Function 
Device 
Enable 
Broadside 
Inverting 
TRI·STATE 
Leads 
Inputs 
Pinout 
Outputs 


Octal Latch 
54F/74F373 
1(L)& 
1(H) 
Yes 
20 
Multimode 
Buffered 
8-Bit Latch 
54F/74F412 
Yes 
24 
Multimode 
Buffered 
8-Bit Latch 
54F174F432 
Yes 
Yes 
24 
Octal D Latch 
54F/74F533 
1(L)& 
1(H) 
Yes 
Yes 
20 
Octal D Latch 
54F/74F563 
1(L)& 
1(H) 
Yes 
Yes 
Yes 
20 
Octal D Latch 
54F174F573 
1(L)& 
1(H) 
Yes 
Yes 
20 
10-Bit D Latch 
54F174F841 
1(L)& 
1(H) 
Yes 
Yes 
24 
9-Bit D Latch 
54F174F843 
1(L)& 
1(H) 
Yes 
Yes 
24 
8-Bit D Latch 
54F/74F845 
3(L) & 1(H) 
Yes 
Yes 
24 


Counters 


Parallel 
Reset 
Up/ 
TRI-STATE 
Leads 
Function 
Device 
Entry 
Down 
Outputs 


Presettable 
4-Bit BCD Decade 
54F/74F160A 
S 
A 
16 


Presettable 
4-Bit Binary 
54F/74F161A 
S 
A 
16 


Presettable 
4-Bit BCD Decade 
54F/74F162A 
S 
S 
16 


Presettable 
4-Bit Binary 
54F/74F163A 
S 
S 
16 


4-Bit BCD Decade 
54F/74F168 
S 
Yes 
16 


4-Bit Binary 
54F/74F169 
S 
Yes 
16 


4-Bit BCD Decade 
w/Preset 
& Ripple Clock 
54F/74F190 
A 
Yes 
16 


4-Bit Binary w/Preset 
& Ripple Clock 
54F/74F191 
A 
16 


4-Bit BCD Decade 
w/Separate 
Up/Down 
Clocks 
54F/74F192 
A 
A 
Yes 
16 


4-Bit Binary w/Separate 
Up/Down 
Clocks 
54F/74F193 
A 
A 
Yes 
16 


8-Bit Binary 
54F/74F269 
S 
Yes 
24 


16-Stage 
Programmable 
54F/74F525 
A 
28 


4-Bit BCD Decade 
54F/74F568 
S 
S/A 
Yes 
Yes 
20 


4-Bit Binary 
54F/74F569 
S 
S/A 
Yes 
Yes 
20 


8-Bit Binary 
54F/74F579 
S 
S 
Yes 
Yes 
20 


8-Bit Binary 
54F/74F779 
S 
Yes 
Yes 
16 


S = Synchronous 


A = Asynchronous 


Shift Registers 


Function 
Device 
No. of 
Serial 
Parallel 
TRI·STATE 
Leads 
Bits 
Inputs 
Inputs 
Outputs 


Shift Right, Serial-In, 
Parallel-Out 
54F/74F164A 
8 
2 
14 


Bidirectional, 
Universal 
54F/74F194 
4 
2 
Yes 
16 


Universal 
Octal Shift/Storage 
w/Common 
I/O Pins 
54F/74F299 
8 
2 
Yes 
Yes 
20 


Octal Serial/Parallel 
w/Sign 
Extend 
54F/74F322 
8 
2 
Yes 
Yes 
20 


Universal 
Octal Shift/Storage 
w/Synch. 
Reset 
54F/74F323 
8 
2 
Yes 
Yes 
20 


Serial-In, 
Serial/Parallel-Out 
(Common 
I/O Pin) 
54F/74F673A 
16 
1 
Yes 
24 


Serial-In, 
Serial/Parallel-Out 
54F/74F675A 
16 
1 
24 


Serial/Parallel-In, 
Serial-Out 
54F/74F676 
16 
1 
Yes 
24 


Buffers/Line 
Drivers 


Function 
Device 
No. of 
Inverting 
Noninverting 
Broadside 
Leads 
Bits 
Pinout 


Quad Buffer (TRI-STATE) 
54F/74F125 
4 
Yes 
14 
Octal Buffer/Line 
Driver (TRI-STATE) 
54F/74F240 
8 
Yes 
20 
Octal Buffer/Line 
Driver (TRI-STATE) 
54F/74F241 
8 
Yes 
20 
Octal Buffer/Line 
Driver (TRI-STATE) 
54F/74F244 
8 
Yes 
20 
Hex Buffer/Driver 
(TRI-STATE) 
54F/74F365 
6 
Yes 
16 
Hex Inverter/Buffer 
(TRI-STATE) 
54F/74F366 
6 
Yes 
16 
Hex Inverter/Buffer 
(TRI-STATE) 
54F/74F368 
6 
Yes 
16 
Octal Buffer/Line 
Driver (TRI-STATE) 
54F/74F540 
8 
Yes 
Yes 
20 
Octal Buffer/Line 
Driver (TRI-STATE) 
54F/74F541 
8 
Yes 
Yes 
20 
10-Bit Buffer/Line 
Driver 
54F/74F827 
10 
Yes 
Yes 
24 
1O-Bit Buffer/Line 
Driver 
54F/74F828 
10 
Yes 
Yes 
24 
Octal Buffer/Line 
Driver with 250 
54F/74F2241 
8 
Yes 
20 
Resistor 
in the Output 
Pull-Down 


Octal Buffer/Line 
Driver with 250 
54F /7 4F2244 
8 
Yes 
20 
Resistor 
in the Output 
Pull-Down 


Tre:J.nsceivers/Registered Transceivers 


Function 
Device 
Registered 
Enable 
Features 
Leads 
Inputs 


Quad Bus Transceiver 
54F174F243 
1(L)& 
1(H) 
14 


Octal Bidirectional 
Transceiver 
54F174F245 
1(L) 
TRI-STATE 
Inputs 
20 


Octal Registered 
Transceiver 
54F174F543 
Yes 
6(L) 
24 


Octal Registered 
Transceiver 
54F174F544 
Yes 
6(L) 
Inverting 
in Both Directions 
24 


Octal Bidirectional 
Transceiver 
54F174F545 
1(L) 
TRI-STATE 
Inputs 
20 


Octal Registered 
Transceiver 
54F/74F550 
Yes 
4(L) 
Status 
Flags 
28 


Octal Registered 
Transceiver 
54F/74F551 
Yes 
4(L) 
Status 
Flags, Inverting 
28 


Octal Registered 
Transceiver 
54F/74F552 
Yes 
2(L) 
Parity & Flag 
28 


Octal Bidirectional 
Transceiver 
54F174F588 
1(L) 
GPIB Compatible 
20 


Octal Bus Transceiver 
54F/74F620 
2(H) 
Inverting 
20 


Octal Bus Transceiver 
54F/74F623 
2(H) 
20 


Octal Bus Transceiver 
54F174F640 
1(L) 
250 
Resistor 
in Output 
20 


Pull-Down, 
Inverting 


Octal Bus Transceiver 
54F174F643 
1(L) 
250 
Resistor 
in Output 
20 


Pull-Down, 
Invert/Noninvert 


Octal Bus Transceiver 
54F174F645 
1(L) 
250 
Resistor 
in Output 
20 


Pull-Down 


Octal Bus Transceiver 
54F174F646 
Yes 
1(L)& 
1(H) 
24 


Octal Bus Transceiver 
54F/74F648 
Yes 
1(L)& 
1(H) 
Inverting 
24 


Octal Bus Transceiver 
54F174F651 
Yes 
1(L)& 
1(H) 
Inverting 
24 


Octal Bus Transceiver 
54F174F652 
Yes 
1(L)& 
1(H) 
Noninverting 
24 


Octal Bidirectional 
Transceiver 
54F174F657 
1(L)& 
1(H) 
8-Bit Parity Gen.lChecker 
24 


9-Bit Registered 
Transceiver 
54F174F899 
Yes 
2(L) 
Parity Generate/Check 
28 


Quad Bus Transceiver 
54F174F2243 
1(L)& 
1(H) 
250 
Resistor 
in Output 
20 


Pull-Down 


Quad Bus Transceiver 
54F174F2620 
1(L)& 
1(H) 
250 
Resistor 
in Output 
20 


Pull-Down, 
Inverting 


Quad Bus Transceiver 
54F/74F2623 
1(L)& 
1(H) 
250 
Resistor 
in Output 
20 


Pull-Down 


Quad Bus Transceiver 
54F/74F2640 
1(L) 
250 
Resistor 
in Output 
20 


Pull-Down, 
Inverting 


Quad Bus Transceiver 
54F174F2643 
1(L) 
250 
Resistor 
in Output 
20 


Pull-Down, 
Invert/Noninvert 


Quad Bus Transceiver 
54F174F2645 
1(L) 
250 
Resistor 
in Output 
20 


Pull-Down 


Octal Registered 
Transceiver 
29F52 
Yes 
4(L) 
24 
Octal Registered 
Transceiver 
29F53 
Yes 
4(L) 
Inverting 
24 


Multiplexers 


Device 
Enable 
True 
Complement 
Leads 
Function 
Inputs 
Output 
Output 


8-lnput 
54F/74F151A 
1(l) 
Yes 
Yes 
16 


Dual4-lnput 
54F/74F153 
2(l) 
Yes 
16 


Quad 2-lnput 
54F/74F157A 
1(l) 
Yes 
16 


Quad 2-lnput 
(Inverting) 
54F/74F158A 
1(l) 
Yes 
16 


8-lnput 
(TRI-STATE) 
54F/74F251A 
1(l) 
Yes 
Yes 
16 


Dual4-lnput 
(TRI-STATE) 
54F/74F253 
2(l) 
Yes 
16 


Quad 2-lnput 
(TRI-STATE) 
54F/74F257A 
1(l) 
Yes 
16 


Quad 2-lnput 
(TRI-STATE,lnverting) 
54F/74F258A 
1(l) 
Yes 
16 


4-lnput 
w/Shift 
(TRI-STATE) 
54F/74F350 
1(l) 
Yes 
16 


Dual4-lnput 
54F/74F352 
2(l) 
Yes 
16 


Dual4-lnput 
(TRI-STATE) 
54F/74F353 
2(l) 
Yes 
16 


Quad 2-Port Register 
54F/74F398 
Yes 
Yes 
20 


Quad 2-Port Register 
54F/74F399 
Yes 
16 


Decoders/Demultiplexers 


Function 
Device 
Address 
Enable 
Output 
Outputs 
Leads 
Inputs 
Enable 


1-01-8 Decoder/Demultiplexer 
54F/74F138 
3 
2(l) 
& 1(H) 
8(l) 
16 


Dual 1-01-4 Decoder/Demultiplexer 
54F/74F139 
2&2 
1(l)& 
1 (l) 
4(l)&4(l) 
16 


1-01-10 Decoder 
(TRI-STATE) 
54F/74F537 
4 
1(l)& 
1(H) 
1(l) 
10(H) 
20 


1-01-8 Decoder 
(TRI-STATE) 
54F/74F538 
3 
2(l) 
&2(H) 
2(l) 
8(H) 
20 


Dual 1-01-4 Decoder 
(TRI-STATE) 
54F/74539 
2&2 
1(l)& 
1(l) 
1(l) 
& 1(l) 
4(H) &4(H) 
20 


Octal Decoder/Demultiplexer 
w /latches 
54F/74F547 
3 
1(l)&2(H) 
8(l) 
20 


Octal Decoder/Demultiplexer 
w / Acknowledge 
54F/74F548 
3 
2(l) 
&2(H) 
8(l) 
20 


Adders/Subtractors 


Function 
Device 
Master 
Carry 
Leads 
Reset 
Lookahead 


Binary Full Adder w/Fast 
Carry 
54F/74F283 
Yes 
16 
Quad Serial Adder/Subtractor 
54F/74F385 
Yes 
20 
4-Bit BCD Adder 
54F/74F583 
Yes 
16 


Multipliers 


Function 
Device 
Expandable 
Adder /Subtractor 
Leads 


8-Bit Serial/Parallel 
Multiplier 
54F/74F384 
Yes 
16 
8-Bit Serial/Parallel 
Multiplier 
54F/74F784 
Yes 
Yes 
20 


Comparators 


Function 
Device 
Features 
Leads 


8-Bit Identity Comparator 
54F174F521 
Expandable 
20 


8-Bit Comparator 
54F/74F524 
Expandable, 
Registered 
20 


Register/Counter 
/Comparator 
54F/74F701 
Expandable 
24 


Divider 


Function 
I 
Device 
Features 
I 
Leads 


16-Stage 
Programmable 
Counter/Divider 
I 
54F/74F525 
Crystal Oscillator 
I 
28 


ALUs 


Function 
Device 
No. of 
Arithmetic 
Logic 
Features 
Leads 
Bits 
Functions 
Functions 


Arithmetic 
Logic Unit 
54F/74F181 
4 
16 
16 
Carry Generate/ 
24 


Propagate 
Outputs 
Arithmetic 
Logic Unit 
54F174F381 
4 
3 
3 
Carry Generate/ 
20 


Propagate 
Outputs 
Arithmetic 
Logic Unit 
54F174F382 
4 
3 
3 
Ripple Carry Expansion 
20 
BCD Adder/Subtractor 
54F174F582 
4 
2 
Lookahead 
& Ripple 
24 


Carry Expansion 


ALU Support 


Function 
Device 
No. of 
Features 
Leads 
Bits 


Carry Lookahead 
Generator 
54F174F182 
4 
Carry Lookahead 
Generator 
16 


for4ALUs 
4-Bit Shifler 
(Specialized 
Multiplexer) 
54F174F350 
4 
Expandable 
Shifler 
16 
ALU/Function 
Generator 
54F174F881 
4&4 
24 


FIFOs 


Function 
Device 
Input 
Output 
Leads 


16 x 4 FIFO Buffer Memory 
54F174F403A 
Serial/Parallel 
Serial/Parallel 
24 
FIFO RAM Controller 
54F174F411 
20 
64 x 4 FIFO Buffer Memory 
54F/74F413 
Parallel 
Serial/Parallel 
16 
64 x 4 FIFO Buffer Memory 
54F174F433 
Serial/Parallel 
Serial/Parallel 
24 


Memories 


Function 
Device 
TRI-STATE 
Leads 
Outputs 


16x4 
RAM 
54F174F189 
Yes 
16 
16x4 
RAM 
54F174F219 
Yes 
16 
16 x 4 FI FO Buffer Memory 
54F/74F403 
Yes 
24 
64 x 4 FIFO Buffer Memory 
54F/74F413 
16 
64 x 4 FIFO Buffer Memory 
54F174F433 
Yes 
24 


Memory Support 


Function 
Device 
Features 
Leads 


Data Access 
Register 
54F/74F407 
TRI-STATE 
Outputs 
24 


Register 
Stack-16 
x 4 RAM 
54F/74F410 
TRI-STATE 
Output 
Register 
18 


FIFO RAM Controller 
54F/74F411 
40 


Parallel Check 
Bit/Syndrome 
Bit Generator 
54F/74F420 
TRI-STATE 
Outputs 
48 


32-Bit Error Detection 
& Correction 
54F/74F632 
latched, 
TRI-STATE 
Outputs 
52 


1 Megabit 
Dynamic 
RAM Controller 
54F/74F968 
TRI-STATE 
Outputs 
52 


Dynamic 
RAM Controller 
29F68 
TRI-STATE 
Outputs 
48 


Cyclic Redundancy 
Checker-Generator 


Function 
Device 
Polynomial 
Expandable 
Leads 
Length 


Cyclic Redundancy 
Check Generator/Checker 
54F/74F401 
16 
14 


Serial Data Polynomial 
Generator/Checker 
54F/74F402 
64 
Yes 
16 


Parity Generator/Checker 


Function 
Device 
Features 
Leads 


Parity Generator/Checker 
54F/74F280 
Odd/Even 
Outputs, 
9-Bits In 
14 
Parallel Check 
Bit/Syndrome 
Bit Generator 
54F/74F420 
48 
Octal Bidirectional 
Transceiver 
54/74F657 
Parity Generate/Check 
24 
9-Bit Registered 
Transceiver 
54/74F899 
Parity Generate/Check 
28 


Error Detection and Correction 


Function 
I 
Device 
I 
Leads 


32-Bit Error Detection 
and Correction 
I 
54F/74F632 
I 
52 


Microprocessor 
Support 


Function 
I 
Device 
I 
Leads 


8-Line to 3-Line Priority Encoder 
I 
54F/74F148 
I 
16 


TTl 
to ECl Translators 


Function 
Device 
Complementary 
Latched 
Features 


Hex TTl-ECl 
Translator 
F100124 
Yes 
Enable 
Input 
Hex ECl-TTl 
Translator 
F100125 
Yes 
Common 
Mode Rejection 
~ 
+1V 
Octal ECl-TTl 
Transceiver 
F100128 
Yes 
ECl 
Output Cut-Off 
State 


For further information on TTL to Eel translators, refer to the F100K databoak. 
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~National 
~ 
semiconductor 


FAST® Technology 


FAST 
(Fairchild 
Advanced 
Schottky 
TIL) 
circuits 
are made 
with 
the 
advanced 
Isoplanar 
II process, 
which 
produces 
transistors 
with very high, well-controlled 
switching 
speeds, 
extremely 
small 
parasitic 
capacitances 
and fT in excess 
of 
5 GHz. 
Isoplanar 
is an established 
National 
process, 
used 
for years 
in the 
manufacture 
of bipolar 
memories, 
CMOS, 
subnanosecond 
ECL and 13LTM(Iso planar 
Integrated 
Injec- 
tion Logic) 
LSI devices. 


In the isoplanar 
process, 
components 
are isolated 
by a se- 
lectively 
grown 
thick 
oxide 
rather 
than the p + isolation 
re- 
gion used in the planar 
process. 
Since this oxide 
needs 
no 
separation 
from the base-collector 
regions, 
component 
and 
chip sizes 
are substantially 
reduced. 
The base and emitter 
ends 
terminate 
in the oxide 
wall; 
masks 
can thus 
overlap 
the device 
area into the isolation 
oxide. This overlap 
feature 
eliminates 
the extremely 
close tolerances 
normally 
required 
for base and emitter 
masking, 
and the standard 
photolitho- 
grahic 
processes 
can be used. 


Figure 
1-1 shows 
the relative 
size of phase 
splitter 
transis- 
tors 
(02 
in 
Figure 
1-3) 
used 
in 
Schottky, 
Low 
Power 
Schottky 
and FAST circuits. 
The LS-TIL 
transistor 
is small- 
er than that of S-TIL 
because 
of process 
refinements, 
shal- 


lower diffusions 
and smaller 
operating 
currents. 
The relative 
size 
of the 
FAST 
and 
FAST 
LSI transistors 
illustrate 
the 
reduction 
afforded 
by the 
Isoplanar 
process. 
This 
in turn 
reduces 
junction 
capacitances, 
while the use of oxide isola- 
tion reduces 
sidewall 
capacitance. 
The end result of these 
reductions 
is an increase 
in frequency 
response 
by a factor 
of three 
or more. Figure 
1-2 shows 
the frequency 
response 
of two 
sizes 
of transistors 
made 
with the 
Isoplanar 
II pro- 
cess. 
Because 
they 
have 
modest, 
well-defined 
loads 
and 
thus 
can 
use 
smaller, 
faster 
transistors, 
internal 
gates 
of 
MSI devices 
are faster 
than SSI gates 
such as the 'FOO or 
'F02. 
SSI gates, 
on the other 
hand, 
are designed 
to have 
high output 
drive capability 
and thus use larger transistors. 


As is the case with other 
modern 
LSI processes, 
the shal- 
lower 
diffusions 
and 
thinner 
oxides 
make 
FAST 
devices 
more 
susceptible 
to damage 
from 
electrostatic 
discharge 
than are devices 
of earlier 
TTL families. 
Users 
should 
take 
the usual 
precautions 
when 
handling 
FAST 
devices: 
avoid 
placing 
them on non-conductive 
plastic 
surfaces 
or in plas- 
tic bags, 
make sure test equipment 
and jigs are grounded, 
individuals 
should 
be grounded 
before 
handling 
the devices, 


etc. 
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FAST Circuitry 


The 
2-input 
NANO 
gate, 
shown 
in Figure 
1-3, has three 
stages 
of gain 
(01, 02, 03) 
instead 
of two 
stages 
as in 
other 
TTL families. 
This raises 
the 
input threshold 
voltage 
and increases 
the output 
drive. The higher threshold 
makes 
it possible 
to use pn diodes 
for the input ANO function 
(01 
and 
02) 
and 
still 
achieve 
an 
input 
threshold 
of 
1.5V. 


The 
capacitance 
of 
these 
diodes 
is comparatively 
low, 


which 
results 
in improved 
AC noise immunity. 
The effect 
of 
the threshold 
adjustment 
can be seen in the voltage 
transfer 
characteristics 
of Figures 
1-4, 1-5 and 
1-6. At 25"C (Figure 
1-5) the FAST circuit 
threshold 
is nearly centered 
between 
the O.BV and 2.0V limits specified 
for TIL 
circuits. 
This gives 
a better 
balance 
between 
the HIGH- 
and LOW-state 
noise 
margins 
The + 125"C characteristics 
(Figure 
1-6) show that 
the FAST 
circuits 
threshold 
is comfortably 
above 
the O.BV 
specification, 
more 
so than 
in S-TIL 
or LS-TIL 
circuits. 
At 


-55"C, 
the 
FAST 
circuit 
threshold 
is still well 
below 
the 
2.0V specification, 
as shown 
in Figure 
1-4. 


FAST circuits 
contain 
several 
speed-up 
diodes 
to help dis- 
charge 
internal 
capacitances. 
Referring 
again to Figure 
1-3, 


when 
a HIGH-to-LOW 
transition 
occurs 
at the 01 input, for 
example, 
Schottky 
diode 
03 acts as a low-resistance 
path 
to discharge 
the several 
parasitic 
capacitances 
connected 
to the base of 02. This effect 
only comes 
into play, howev- 
er, as the input signal falls 
below 
about 
1.2V; 03 does 
not 
act as an entry path for negative 
spikes 
superimposed 
on a 
HIGH input level. When 
02 
turns ON and its collector 
volt· 
age falls, 
07 provides 
a discharge 
path for capacitance 
at 
the base of 06. Whereas 
03, 04 and 07 enhance 
switching 
speed 
by helping 
to discharge 
internal 
nodes, 
OB contrib- 
utes to the ability of a FAST circuit to rapidly 
discharge 
load 
capacitance. 
Part of the charge 
stored 
in load capacitance 
passes 
through 
OB and 02 
to increase 
the base current 
of 
03 
and increase 
03's 
current 
sinking 
capability 
during 
the 
HIGH-to-LOW 
output 
voltage 
transition. 


Vcc 


4511 


FAST Circuitry 
(Continued) 


In addition 
to the 2K-04-3K 
squaring 
network, 
which is stan- 
dard for Schottky-clamped 
TTL circuits, 
FAST circuits 
con- 
tain a network 
09-010-011-07 
whose 
purpose 
is to provide 
a momentary 
low impedance 
at the base 
of 03 
during 
an 
output 
LOW-to-HIGH 
transition. 
The 
rising 
voltage 
at the 
emitter 
of 05 
causes 
displacement 
current 
to flow through 
varactor 
diode 
09 
and 
momentarily 
turn ON 07, 
which 
in 
turn pulls down 
the base of 03 
and absorbs 
the displace- 
ment 
current 
that 
flows 
through 
the collector-base 
capaci- 
tance 
(not 
shown) 
of 03 
when 
the 
output 
voltage 
rises. 


Without 
the 
09-07 
network, 
the 
displacement 
current 
through 
the 
collector-base 
capacitance 
acts 
as base 
cur- 
rent, tending 
to prolong 
the turn-off 
of 03 and allow current 
to flow from 06 
to ground 
through 
03. 
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FIGURE 
1·4. Transfer 
Functions 
at Low Temperature 


The 
collector-base 
capacitance 
of 03, 
although 
small, 
is 
effectively 
multiplied 
by the voltage 
gain of 03. 
This 
phe- 
nomenon, 
first identified 
many years ago with vacuum 
tube 
triodes, 
is called 
the Miller effect. 
Thus the 09-07 
network 
is familiarly 
called 
the 
'Miller 
Killer' 
circuit 
and 
its use im- 
proves 
the output 
rise time and minimizes 
power 
consump- 
tion 
during 
repetitive 
switching 
at high frequencies. 
Oiode 
010 completes 
the discharge 
path for 09 through 
07 when 
02 
turns on. 011 
limits how low 07 
pulls down the base of 
03 
to a level 
adequate 
for the 
intended 
purpose, 
without 
sacrificing 
turn-on 
speed 
when 
a circuit 
is cycled 
rapidly. 


Also shown 
in Figure 
1-3 is a clamp 
diode, 
012, 
at the out- 
put. 
This 
diode 
limits 
negative 
voltage 
excursions 
due 
to 
parasitic 
coupling 
in signal lines or transmission 
line effects. 


The Schottky 
clamping 
diodes 
built into the transistors 
pre- 
vent saturation, 
thereby 
eliminating 
storage 
time as a factor 
in switching 
speed. 
Similarly, 
the speed-up 
diodes 
tend 
to 
minimize 
the impact 
of other 
variables 
on switching 
speed. 


The overall 
effect 
is to minimize 
variation 
in switching 
speed 
of FAST circuits 
with variations 
in supply voltage 
and ambi- 
ent temperature 
(Figures 
1-7and 
1-8). Propagation 
delay is 
specified 
not only under nominal 
supply voltage 
and temper- 
ature conditions, 
but also over the recommended 
operating 
range of Vcc 
and TA for both military and commercial 
grade 
devices. 
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FIGURE 
1·5. Transfer 
Functions 
at Room 
Temperature 


The 
internal 
switching 
speed 
of a logic 
circuit 
is only 
one 
aspect 
of the circuit's 
suitability 
for high-speed 
operations 
at 
the system 
or subsystem 
level; the other aspect 
is the ability 
of the circuit to drive load capacitance. 
FAST circuit outputs 
are structured 
to sink at least 20 mA in the LOW state, 
the 
same as S-TIL. 
This capability 
plus the effect 
of the afore- 
mentioned 
feedback 
through 
08 assures 
that the circuit can 
rapidly discharge 
capacitance. 
Ouring a LOW-to-HIGH 
tran- 
sition, the pull-up 
current 
is limited 
by the 4511 resistor, 
ver- 
sus 5511 for S-TIL. 
Therefore, 
FAST circuits 
are inherently 
more capable 
than S-TIL 
of charging 
load capacitance. 


Figure 
1-9 shows 
the effects 
of load capacitance 
on propa- 
gation delays of FAST, S-TIL 
and LS-TIL 
NANO gates. The 
curves 
show that FAST gates are not only faster 
than those 
of earlier families, 
but also are less affected 
by capacitance 
and 
exhibit 
less 
skew 
between 
the 
LOW-to-HIGH 
and 
HIGH-to-LOW 
delays. 
These 
improved 
characteristics 
of- 
fered 
by FAST circuits 
make it easier to predict 
system 
per- 
formance 
early in the design 
phase, 
before 
loading 
details 
are precisely 
known. 
The 
curves 
show 
that 
the 
skew 
be- 
tween 
HIGH-to-LOW 
and 
LOW-to-HIGH 
delays 
for 
the 
FAST gate is only about 
0.5 ns over a broad 
range of load 
capacitance, 
whereas 
the skew for the S-TIL 
gate is 1 ns or 
greater, 
depending 
on loading. 
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FIGURE 
1·6. Transfer 
Functions 
at High Temperature 


III 


FAST Circuitry 
(Continued) 
Output Characteristics 


Figure 
1-10 shows 
the current-voltage 
characteristics 
of a 
~ 
CL-50pF 
I 
FAST 
gate 
with 
the 
pull-down 
transistor 
03 
turned 
ON. 
e 
10 
These 
curves 
illustrate 
instantaneous 
conditions 
in 
dis- 
I 
TA=+ 250(; 
>-:3 
IpLH-··- 
charging 
load capacitance 
during 
an output 
HIGH-to-LOW 
w 
IpHL 
transmission. 
When 
the output 
voltage 
is at about 
3.5V, for 
0 
8 
:z 
. 
L.~. 5.?~0~~ 
example, 
the circuit can absorb 
charge 
from the load capac- 
0 
;::: 
itance 
at a 500 mA rate at + 25"C. From this level the rate 
<li 
. 
« 
6 
decreases 
steadily 
down 
to about 
100 mA at t .5V. In this 
0- 


•• 
~Cll°1!KY :- 
0 
- 
region 
from 
3.5V to 1.5V, part of the charge 
from 
the load 
ex 
0- 


capacitance 
is fed back through 
08 (Figure 
1-3) and 02 
to 
I 
4 
--' 
-.. - - - - 
provide 
extra base current 
for 03, boosting 
its current 
sink- 
:I: 
FAST 
_Q. 
3 
2 
ing capability 
and thus reducing 
the fall time. Below the 1.5V 
~ 
0 
level, 03 
continues 
to discharge 
the load capacitance, 
but 
without 
extra base current 
from 
08. At about 
0.5V, the inte- 
4.5 
5D 
5.5 
gral 
Schottky 
clamp 
diode 
from 
base 
to 
collector 
of 
03 


Vcc-SUPPLY 
VOLTAGE-V 
starts 
conducting 
and 
prevents 
03 
from 
going 
into 
deep 


TL/F/9592-7 
saturation. 


FIGURE 
1-7. Propagation 
Delay 
versus 
Vcc 
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FIGURE 
1-10. Output 
LOW Characteristics- 
'Faa 


FIGURE 
1·8. Propagation 
Delay 
versus 
Temperature 
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FIGURE 
1-11. Output 
LOW Characteristics- 
'Faa 


FIGURE 
1-9. Propagation 
Delay 
versus 
Load 
Capacitance 


Output Characteristics 
(Continued) 


On a greatly 
expanded 
scale, 
the output 
LOW characteris- 
tics of a gate are shown 
in Figure 
,-". 
With 
no load, the 
output 
voltage 
is about 
O.lV, 
increasing 
with 
current 
on a 
slope 
of about 
7.5.0. When 
the load current 
increases 
be· 
yond the current-sinking 
capability 
of 03, the output voltage 
rises steeply. 
It can be seen that the worst-case 
specifica- 
tion of 0.5V max at 20 mA load is easily met. Similar charac- 
teristics 
for a buffer 
shown 
in Figure 
1-12, over 
a broader 
current 
range. 
The curves 
are well below 
the output 
LOW 
voltage 
specification 
of 0.55V 
max at 48 mA over the mili- 
tary temperature 
range 
or 64 mA over the commercial 
tem- 
perature 
range. 
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FIGURE 
1·13. Output 
HIGH Characteristics- 
'FOO 


The output 
HIGH characteristics 
of a FAST gate are shown 
in Figure 
1-13. At low values of output 
current 
the voltage 
is 
approximately 
3.5V. 
This 
value 
is just 
the 
supply 
voltage 
minus the combined 
base-emitter 
voltages 
of the Darlington 
pull-up transistors 
05 and 06 (Figure 
1-3). For load currents 
above 
16 mA or 18 mA, the voltage 
drop 
across 
the 45.0 
Darlington 
collector 
resistor 
becomes 
appreciable 
and the 
Darlington 
saturates. 
For greater 
load 
currents 
the 
output 
voltage 
decreases 
with a slope of about 50.0, which is large- 
ly due to the 
45.0 
resistor. 
The value 
of current 
where 
a 
characteristic 
intersects 
the 
horizontal 
axis 
is the 
short- 


circuit 
output 
current 
los. 
This is guaranteed 
to be at least 
60 mA for a FAST gate, compared 
to 40 mA for S-TTL. This 
parameter 
is an important 
indicator 
of the ability of an output 
to charge 
load capacitance. 
Thus 
the 
FAST 
specifications 
insure that an output 
can charge 
load capacitance 
faster, 
or 
force 
a higher 
LOW-to-HIGH 
voltage 
step into the dynamic 
impedance 
of a long interconnection. 


The 
output 
HIGH 
characteristics 
of a buffer 
are shown 
in 
Figure 
1-14. These 
are similar in shape to Figure 
1-13 but at 
higher levels of current. 
The output 
HIGH voltage 
of a buffer 
is guaranteed 
at two different 
levels 
of load current. 
With a 
3 mA load, VoH is guaranteed 
to be at least 2.4V for both 
military 
and commercial 
devices. 
VoH is also guaranteed 
to 
be at least 2.0V with a 12 mA load for military or 15 mA load 
for commercial 
devices. 
In addition, 
the short-circuit 
output 
current 
of a buffer 
is guaranteed 
to be at least 
100 mA. 


When 
an output 
is driving 
a long interconnection, 
the initial 
LOW-to-HIGH 
transition 
is somewhat 
less than the final, qui- 
escent 
HIGH level because 
of the loading 
effect 
of the line 
impedance. 
The full HIGH voltage 
level is only reached 
after 
the 
reflection 
from 
the 
far 
end 
of the 
line 
returns 
to the 
driver. 
The initial 
LOW-to-HIGH 
voltage 
step that an output 
can force 
into a line is determined 
by drawing 
a load line on 
the 
graph 
containing 
the 
output 
HIGH 
characteristic 
and 
noting 
the voltage 
value 
where 
the load line intersects 
the 
characteristic. 
For example, 
if a FAST gate is driVing a 100.0 
line, a straight 
line from the lower 
left origin 
up to the point 
5V, 
50 
mA 
intersects 
the 
-55'C 
characteristic 
curve 
at 
about 
2.8V. This indicates 
that the gate output 
voltage 
will 
rise to 2.8V 
initially, 
and the 2.8V 
signal, 
accompanied 
by 
28 mA of current, 
will travel 
to the end 
of the 
line. 
If not 
terminated, 
the 
28 
mA 
is forced 
to 
return 
to 
the 
driver, 


whereupon 
it unloads 
the driver and the output voltage 
rises 
to the maximum 
value. 
Similarly, 
a 50.0 load line drawn 
on 
the buffer 
characteristic 
shows 
an intercept 
voltage 
of 2.5V. 
In both 
cases, 
the 
initial 
voltage 
step 
is great 
enough 
to 
pass through 
the switching 
region 
of any inputs 
that 
might 
be located 
near the driver 
end of the lIine, and thus would 
not exhibit 
any exaggerated 
propagation 
delay 
due to the 
loading 
effect 
of the 
line impedance 
on the driver 
output. 


Thus the FAST 
output 
characteristics 
insure 
better 
system 
performance 
under adverse 
loading 
conditions. 
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Input Characteristics 


The input of a FAST circuit 
represents 
a small capacitance, 
typically 
4 pF to 5 pF, in parallel 
with an I-V characteristic 
that exhibits 
different 
slopes 
over 
different 
ranges 
of input 
voltage. 
Figure 
1-15 shows 
the 
input 
characteristic 
of 
a 
FAST gate at three temperatures. 
In the upper right, the flat 
horizontal 
portion 
is the VIH-IIH 
characteristic. 
In this region, 


all of the current 
from the 10 kD. input resistor 
(Figure 
1-3) is 
flowing 
into the base of 01 
and the only current 
flowing 
in 
the input 
diode 
is the 
leakage 
current 
IIH. When 
the 
input 
voltage 
decreases 
to about 
1.7V (+ 25°C), current 
starts 
to 
flow out of the input diode and the curve shows 
a knee. At 
this 
point 
some 
of the 
current 
from 
the 
10 kD. resistor 
is 
diverted 
from 
the base of 01. 
When 
the input voltage 
de- 


clines 
to about 
1.4V the curve 
shows 
another 
knee; at this 
point, substantially 
all of the current 
from the 10 kO resistor 
flows 
out of the input 
diode. 
The 
portion 
of the curve 
be- 
tween 
1.4V and 1.7V input voltage 
is the active 
region, 
es- 
sentially 
corresponding 
to the FAST transfer 
function 
in Fig- 
ure 1-5. 
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FIGURE 
1·15. Input 
Characteristics- 
'FOO 


Below 
1.4V input, 
the 
characteristic 
has the 
slope 
of the 
10 kO 
input 
resistor. 
When 
the 
input 
voltage 
declines 
to 
about 
-0.3V, 
the Schottky 
clamping 
diode 
starts 
conduct- 
ing and the 
current 
increases 
rapidly 
as the 
input 
voltage 
decreases 
further. 


The input characteristics 
of a buffer, 
shown 
in Figure 
1-16, 


differ from those 
of a gate in two respects. 
One is the loca- 
tion of the transition 
region along the horizontal 
axis. A buff- 
er input has a hysteresis 
characteristic 
about 400 mV wide, 
such that the transition 
region shifts left or right accordingly 
as the input voltage 
transition 
is HIGH-to-LOW 
or LOW-to- 
HIGH, 
respectively. 
The curves 
in Figure 
1-16 apply 
to the 
HIGH-to-LOW 
input voltage 
transition. 
The other 
difference 
between 
buffer 
and gate characteristics 
is the slope 
of the 
characteristic 
follows 
this value, rather than the 10 kO slope 
of a gate input. 
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FIGURE 
1·16. Input 
Characteristics- 
'F244 


The 
characteristics 
of an input 
Schottky 
clamp 
diode 
are 
shown 
in Figure 
1-17, for much larger values of current 
than 
those 
of Figures 
1-15 and 
1-16. The purpose 
of the clamp 
diode 
is to limit undershoot 
at the end of a line following 
a 
HIGH-to-LOW 
signal transition. 
For example, 
an output 
sig- 
nal change 
from + 3.5V to + 0.5V into a 100D. line propa- 
gates to the end of the line, accompanied 
by a 30 mA cur- 
rent change. 
If the 
line is terminated 
in a high impedance 
the 3V signal 
change 
doubles, 
driving 
the terminal 
voltage 
down 
to -2.5V. 
With the clamp 
diode, 
however, 
the nega- 
tive excursion 
would 
be limited 
to about 
-0.7V. 
The same 
HIGH-to-LOW 
signal 
change 
on 
a 
500 
line 
would 
be 
clamped 
at about 
-1.0V. 
Figure 
1-18 shows 
the 
typical 
breakdown 
characteristics 
for a FAST input. 
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TRI-STATE® 
Outputs 


A partial 
schematic 
of a circuit 
having 
a TRI-STATE 
output 
is shown 
in Figure 
1-19. When 
the internal 
Output 
Enable 
(OE) signal is HIGH, the circuit operates 
in the normal fash- 
ion to provide 
HIGH 
or LOW 
output 
drive 
characteristics. 


When 
OE is LOW, 
however, 
the bases 
of 01, 02 and 05 
are pUlled down. 
In this condition 
the output 
is a high imped- 


ance. In this High Z condition, 
the output 
leakage 
is guaran- 
teed not to exceed 
50 I'A In the case of a transceiver, 
each 
data 
pin is an input 
as well 
as an output 
and the 
leakage 
specification 
is increased 
to 70 I'A 
In the 
High 
Z state, 


output 
capacitance 
averages 
about 5 pF for a 20 mA output 
and about 
12 pF for a 64 mA output. 


FAST ESO Protection 


INTRODUCTION 


The study of ESD failures 
began 
in earnest 
back when sys- 
tem 
designers, 
faced 
with 
very 
expensive 
assembly 
and 
post-assembly 
rework, 
began 
investigating 
system 
failures 
in great detail. 
In the course 
of their study, they checked 
all 


the records 
to determine 
which 
devices 
has passed 
earlier 
testing, 
but had failed 
once in the system. 
The data clearly 
indicated 
that something 
in the handling 
process 
resulted 
in 
higher 
attrition 
rates 
among 
the 
devices. 
Reliability 
physi- 
cists examined 
the failed 
devices 
in minute 
detail, 
in some 
cases 
subjecting 
them 
to examination 
under 
high powered 
scanning 
electron 
microscopes. 


The problem 
was found 
to be one of electrical 
overstress, 


and further 
investigation 
determined 
that 
the cause 
of the 
overstress 
was 
a 
phenomenon 
called 
electrostatic 
dis- 


charge 
(or ESD). 


EXPLANATION 
OF HOW ESD OCCURS 


The concept 
of electrostatic 
discharge 
is easily understood. 
Electrostatic 
energy 
is static 
electricity, 
a stationary 
charge 
which 
can build up in either 
a nonconductive 
material 
or in 
an ungrounded 
conductive 
material. 
This charge 
can occur 


in one of two ways, either through 
polarization, 
which occurs 
when 
a conductive 
material 
is exposed 
to a magnetic 
field, 


or triboelectric 
effects, 
which 
occur when two surfaces 
con- 
tact and then separate, 
leaving 
one positively 
charged 
and 
one negatively 
charged. 
Friction 
between 
two 
materials 
in- 
creases 
triboelectric 
charge 
by increasing 
the surface 
area 
that comes 
in contact. 
A good example 
of this phenomenon 
would 
be the charge 
one accumulates 
walking 
across 
a ny- 
lon carpet. 
The discharge 
occurs 
when 
one reaches 
for a 
doorknob 
or other 
conductive 
surface. 
The 
types 
of ESD 
with 
which 
we will be concerned 
fall 
into 
the 
category 
of 
triboelectric 
effects. 
Within 
this category, 
various 
materials 
have differing 
potentials 
for charge. 
Asbestos, 
nylon, human 
and animal 
hair and wool 
have a high positive 
triboelectric 
potential. 
Silicon 
has one of the highest 
negative 
triboelec- 
tric potentials, 
followed 
by such 
materials 
as polyurethane, 


polyester 
and rayon. Cotton, 
wood, 
steel and paper all tend 
to be relatively 
neutral, 
which 
makes 
cotton 
clothing 
and 
steel table 
tops excellent 
ESD protective 
materials 
in envi- 
ronments 
where 
ESD problems 
can be anticipated. • 


- 
- 
10%RH. 
When 
an object 
storing 
a static 
charge 
comes 
in 
contact 
with another 
object, 
the charge will attempt 
to find a 
path 
to ground, 
discharging 
into the contacted 
object. 
Al- 
though 
the current 
level is extremely 
low (typically 
less than 
0.1 nanoamp), 
the voltage 
can be as high as 35-50 
kV. 


The degree 
of damage 
caused 
by electrostatic 
discharge 
is 
a function 
of the size of the charge 
(which 
is determined 
by 
the capacitance 
of the charged 
object) 
and the rate at which 
it is discharged 
(determined 
by the resistance 
into which it is 
discharged). 
This 
relationship 
can be shown 
with 
a wave- 
form 
(Figure 
1-20) that utilizes 
what 
is termed 
a double 
ex- 


ponential 
decay 
pulse. With such a pulse, 99% of the ener- 
gy will be dissipated 
in five time constants, 
with each time 
constant 
established 
by 
the 
resistance 
and 
capacitance 
mentioned 
above. 
Where 
both 
are low, the discharge 
rate 
will 
be rapid 
enough 
to 
cause 
damage 
if the 
object 
into 
which 
discharge 
occurs 
is a semiconductor. 
As resistance 
and capacitance 
increase, 
both the discharge 
rate and the 
risk of damage 
decrease. 


FIGURE 
1-20. Ideal RC Waveform 


It is estimated 
that the value 
of devices 
lost to ESD could 
run as high as $1 billion per year. Most electrostatic 
damage 
is caused 
by the handling 
of devices 
by personnel 
who have 
not taken 
adequate 
precautions. 
One would 
expect 
this in 
light 
of the 
fact 
that 
the 
capacitance 
of the 
human 
body 
ranges 
from 50 to 200 pF. The ESD characteristics 
of work 
surfaces 
and of materials 
passing 
through 
the area should 
not be ignored, 
however, 
in an attempt 
to concentrate 
on 
the human 
effect. 


TYPES 
OF ESD DAMAGE 


The damage 
caused 
by ESD results from the charge's 
tend- 
ency to seek the shortest 
path to ground, 
overstressing 
any 
electrical 
interfaces 
in that path. There are several 
different 
types 
of damage 
that result, and each of these 
tends to be 
typical 
of specific 
component 
technologies 
and elements. 
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(Figure 
1-21). 
Thinner 
oxide 
is more 
susceptible 
to 
electrostatic 
punch-through, 
which 
leaves a permanent 
low- 
resistance 
short 
through 
the 
oxide. 
Where 
there 
are 
pin 
holes 
or other 
weaknesses 
in the 
oxide, 
damage 
will 
be 
possible 
at 
lower 
charge 
levels. 
It should 
be 
noted 
that 
semiconductor 
manufacturers 
have 
reduced 
oxide 
thick- 
nesses as they have reduced 
the overall 
size of the devices. 
ESD sensitivity 
has therefore 
increased 
dramatically. 


FIGURE 
1·21. Bipolar Transistor 


Electrostatic 
charge 
which 
does 
not 
actually 
result 
in a 
breakdown 
can cause 
lattice 
damage 
in the oxide, 
lowering 
its ability 
to withstand 
subsequent 
ESD exposure. 
A weak- 
ened lattice will also have a lower breakdown 
threshold 
volt- 
age, and this mechanism 
is voltage 
dependent. 


Thermal 
Secondary 
Breakdown 
or Junction 
Burnout 


Junction 
burnout 
is a significant 
failure 
mechanism 
for bipo- 
lar devices, 
and tends 
to be power 
dependent 
rather 
than 
voltage 
dependent. 
The 
interface 
(or junction) 
between 
a 
P-type diffusion 
and an N-type diffusion 
normally 
has a posi- 
tive temperature 
coefficient 
at low temperatures 
(that is, in- 
creased 
temperature 
will 
result 
in increased 
resistance). 
When 
a reverse-biased 
pulse 
is applied, 
the junction 
dissi- 
pates 
heat in its very narrow 
depletion 
region, 
and the tem- 
perature 
increases 
rapidly. 
If enough 
energy 
is applied, 
the 
temperature 
of the junction 
will reach 
a point 
at which 
the 
temperature 
coefficient 
of the silicon will turn negative 
(that 
is, at which 
increased 
temperature 
will result 
in decreased 
resistance). 
Since the area of the junction 
is not uniform, 
hot 
spots 
occur. 
When 
the 
melting 
temperature 
of 
silicon 
(1415°C) 
is reached 
as a result of the ensuing 
thermal 
run- 
away 
condition, 
junction 
melting 
occurs 
in the 
localized 
area. If there is an additional 
energy available 
after the initia- 
tion of melt, the hot spot can grow into a filament 
short. The 
longer 
the pulse, the wider the resultant 
filament 
short. 


After the occurrence 
of the transient, 
the silicon will resolidi- 
fy. In a relatively 
short 
pulse, 
a hot spot may form, 
but not 
grow completely 
across 
the junction. 
As a result, 
the dam- 
age may not manifest 
itself immediately 
as a junction 
short 
but will appear 
at a later time as a result of electromigration. 


Shrinking 
geometries 
will decrease 
junction 
areas, 
and this 
should 
increase 
the susceptibility 
of these 
devices 
to ESD 
related 
junction 
problems. 
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cross-section 
will be reduced 
as well. 
Reducing 
metalliza- 
tion 
line width 
by half and 
metallization 
thickness 
by half 
reduces 
the current 
carrying 
capability 
of that metallization 
stripe 
by 75%. 
Metallization 
melt, which 
is a power-depen- 
dent failure 
mechanism, 
is more likely to occur during 
short 
duration, 
high current 
pulses, 
since 
the only available 
heat 
sink (the bonding 
pad) is nearby 
and the heat dissipated 
in 
the 
metallization 
does 
not have 
time 
to flow 
into the 
sur- 
rounding 
areas. 
It can 
also 
occur 
as a side 
effect 
during 
junction 
melt. 


Latent 
Failures 


Immediate 
failure 
resulting 
from 
ESD exposure 
is easily de- 
termined: 
the device 
no longer 
works. 
A failed 
device 
may 
be removed 
from the lot or from the subassembly 
in which it 
is installed, 
and it represents 
no further 
reliability 
risk to the 
system. 
There 
are, however, 
devices 
which 
have been 
ex- 
posed to ESD but which 
have not immediately 
failed. 
Unfor- 
tunately, 
there 
has never 
been 
sufficient 
data dealing 
with 
the long-term 
reliability 
of devices 
which 
have survived 
ESD 
exposure, 
although 
some experts 
feel that two to five devic- 
es are degraded 
for every 
one that fails. 
It should 
be obvi- 
ous 
from 
an 
examination 
of 
the 
failure 
mechanisms 
de- 
scribed 
above 
that 
there 
can 
be 
significant 
degradation 
without 
immediate 
failure. 
Damage 
can manifest 
itself in ei- 
ther a shortening 
of the device's 
lifetime 
(a possible 
cause 
for many of the infant 
mortality 
failures 
seen during burn-in) 
or in electrical 
performance 
shifts, 
many of which 
cause the 
device 
to fail electrical 
test limits. 


ESD PROTECTIVE 
MEASURES 


It should 
be obvious 
then that there 
are three 
principal 
con- 
siderations 
when 
dealing 
with ESD. The first is that the de- 


vice 
should 
be designed 
in a manner 
that 
minimizes 
ESD 
sensitivity 
and incorporates 
some 
ESD protective 
features. 
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well enough 
to establish 
proper 
precautions 
throughout 
their 
plants. 


Fast Dual-Rail 
ESD Protection 


The 
continuing 
development 
of faster 
and 
more 
complex 
IC's makes 
it unlikely 
that 
we will see 
a return 
to thicker 
oxide 
layers and larger junctions. 
Early IC's used fairly sim- 
ple clamping 
diodes 
on the inputs 
to protect 
them 
against 
voltage 
transients 
in the system. 
Similar, 
but more compre- 
hensive 
protective 
networks 
can 
be employed 
to 
provide 
ESD protection. 
Figure 
1-22 shows 
National's 
FAST propri- 
etary dual-rail 
ESD protection 
circuitry. 
These 
structures 
are 
included 
on most of the high volume 
FAST products 
and are 
now standard 
on all new FAST designs 
and redesigns. 
(See 
individual 
product 
specifications 
for 
identification 
of 
parts 
with enhanced 
ESD protection.) 
By its design, 
this form 
of 
ESD control 
limits product 
vulnerability 
to both positive 
and 
negative 
ESD/EOS 
voltages 
by protecting 
inputs 
and out- 
pus to Vcc 
as well as ground. 


Protection 
to ground 
is provided 
through 
transistor 
02 
on 
the 
input 
and 
diode 
D2 on the 
output. 
On the 
input, 
the 
unique 
design 
and layout 
of the Schottky 
device 
insures 
a 
minimum 
turn-on 
voltage 
as well as maximum 
current 
carry- 
ing capability. 
For the output 
the standard 
Schottky 
clamp 
diode 
provides 
the protection. 
01 
and 03, through 
use of a 
BVCEO 
breakdown 
mechanism, 
protects 
the path 
to Vcc. 
Diode D1 and D3 insure isolation 
of the input or output 
from 
Vcc 
leakages. 
Again, 
these 
devices 
have 
been 
designed 
and laid-out 
to insure dependable 
turn-on 
characteristics 
as 
well as robustness. 


Dual-rail 
ESD protection 
has provided 
FAST parts with pro- 
tection 
levels 
exceeding 
4000V. 
In 
fact, 
as 
measured 
through 
use of the MIL-STD-883 
techniques 
described 
be- 
low, 
FAST 
ESD 
protection 
has 
averaged 
in 
excess 
of 
8000V. 
Best of all, this protection 
has been 
achieved 
with 
no appreciable 
effect 
on speed 
or significant 
increase 
in 
input capacitance. 


• 


Assessing 
ESD Tolerance 
Levels 


As awareness 
of the 
importance 
of addressing 
ESD con- 
cerns 
spread, 
many experts 
felt that ESD testing 
had to be 
uniform 
if results 
were to be shared. 
Method 
3015 
of MIL- 
STD-883 
was created 
for the purpose 
of allowing 
manufac- 
turers 
to assess 
the 
ESD tolerance 
levels 
of the 
devices 
they offered 
and to allow users to determine 
the ESD sensi- 
tivity of the parts with which they were assembling 
systems. 
Method 
3015 
has 
established 
a 
test 
circuit 
(see 
Figure 
1-23) which approximates 
the resistance 
and capac- 
itance 
found 
in the human 
body (which continues 
to provide 
the 
major 
source 
of destructive 
ESD). 
The testing 
is per- 
formed 
by charging 
the capacitor 
in the test circuit and then 
discharging 
that capacitor 
into the unit under test. After test- 
ing, a device will be classified 
as either Class 1, those devic- 
es which 
exhibit 
ESD-induced 
failure 
or degradation 
at lev- 


els between 
zero volts and 1,999V; or Class 2, those which 
may exhibit 
ESD sensitivity 
at levels 
between 
2,OOOV and 
3,999V; 
or Class 
3, those 
devices 
which 
may exhibit 
ESD 
sensitivity 
at levels 
above 
4,000V 
but have passed 
all test- 
ing up to that 
level. This testing 
is performed 
on a sample 
basis at initial device 
qualification 
and need not be repeated 
unless 
the device 
is redesigned. 
The testing 
is considered 
destructive, 
even for those 
devices 
which 
do not fail. 


A device 
may be characterized 
as Class 
1 in lieu of testing 
at a manufacturer's 
discretion. 
Some 
manufacturers, 
con- 
cerned 
with the 
possibility 
of latent 
damage 
due to inade- 
quate protection 
of devices 
which test as Class 2, and con- 


cerned 
that 
static 
charges 
resulting 
from 
handling 
can run 
as high as 50 kV, have elected 
to treat all of their devices 
as 
Class 
1, thus 
ensuring 
that 
consistent 
implementation 
of 
common 
handling 
procedures 
will provide 
maximum 
protec- 
tion for all devices. 


Data 
generated 
by 
an 
RADC 
study 
of 
electrostatic 
dis- 
charge 
susceptibility 
(VZAP-l, 
Spring 
1983) would 
seem to 
support 
that kind of a conservative 
approach. 
The data (see 
Figure 
1-24) shows 
the point at which 
failure first occurred 
for a given 
device. 
It indicates 
that 
there 
are a number 
of 
devices 
which 
can be expected 
to fail between 
2 kV and 
5 kV, but few that will survive 
beyond 
10 kV. 


Those 
devices 
which 
are 
classified 
as Class 
1 must 
be 
marked 
with one equilateral 
triangle, 
and those classified 
as 
Class 
2 must 
be marked 
with 
two 
equilateral 
triangles 
to 
identify 
them 
as static 
sensitive. 
(Class 
3 devices 
will have 
no top mark designator.) 


TABLE 
I. Device 
ESD Failure Threshold 
Classification 


MIL Class 
ESD Tolerance 
Top Mark Designation 


Class 1 
OVto 
l,999V 
One triangle 
(i.e., A) 


Class 2 
2,OOOVto 3,995V 
Two triangles 
(i.e., A A) 


Class 3 
4,OOOVand above 
No mark 
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ESD Precautionary 
Measures 


ESD 
protective 
measures 
fall 
into 
two 
categories: 
those 
which 
shield 
the device 
from 
ESD and those 
which 
control 
the occurrence 
of ESD. ESD shielding 
can be accomplished 
by either 
grounding 
all of the 
device 
leads 
together, 
thus 
providing 
a more 
direct 
path to ground, 
or by surrounding 
the 
device 
with 
insulating 
material 
that 
would 
keep 
ESD 
from reaching 
the device. 
The first method 
is most practical 
during device 
assembly 
and environmental 
test, the second 
during 
shipment 
and storage. 
However, 
neither 
can be uti- 
lized during 
electrical 
testing. 


Most of the handling 
of ICs, however, 
occurs 
during electri- 
cal 
testing. 
Testing 
cannot 
be 
performed 
if the 
device's 
leads 
are shorted 
together, 
nor can it take place 
if the de- 
vice is within 
an insulated 
container. 
Control 
of ESD during 
testing 
is therefore 
extremely 
important. 
This 
is accom- 
plished 
through 
the 
grounding 
of all 
potential 
sources 
of 
ESD. 
Stainless 
steel 
work 
surfaces 
connected 
to ground 
through 
an appropriate 
resistive 
element 
provide 
a harmless 
bleed-off 
of any charge 
that occurs. 
Requiring 
that all per- 
sonnel 
who 
handle 
devices 
wear 
ground 
straps 
can effec- 
tively eliminate 
the human 
body and its clothing 
as sources 
of ESD. It is also important 
to minimize 
the handling 
of de- 
vices. This can be partially 
accomplished 
through 
the use of 
automated 
test 
handlers, 
which 
allow 
the 
devices 
to 
be 
loaded 
into 
the 
testers 
from 
ESD-protective 
rails 
and 
re- 
turned 
to those rails from the tester. 
Equally 
important 
is the 


elimination 
of any 
unnecessary 
testing 
or test 
insertions. 


Semiconductor 
manufacturers 
have decreased 
the number 
of test insertions 
for many devices 
by combining 
parametric, 


functional 
and 
switching 
tests 
onto 
a single 
insertion 
test 
program. 
Users 
have 
minimized 
handling 
by relying 
more 
heavily 
on the 
testing 
performed 
by their 
vendors 
and 
by 
eliminating 
incoming 
testing. 
Pick-and-place 
systems 
and 
other 
automated 
board 
assembly 
hardware 
have 
also 
helped to minimize 
device 
handling. 
Most systems 
manufac- 
turers 
have also implemented 
procedures 
that minimize 
the 
handling 
of boards 
and subassemblies 
in order 
to ensure 
that 
devices 
receive 
no potentially 
damaging 
exposure 
to 
ESD after board 
assembly. 


Effective 
control 
of ESD, however, 
cannot 
be accomplished 
unless 
the entire 
work 
area is designed 
around 
ESD con- 
cerns. 
This 
level 
of attention 
to detail 
is essential 
to the 
minimization 
of ESD problems. 


SUMMARY 


Electrostatic 
discharge 
will continue 
to be a major concern 
for those 
who 
use semiconductor 
devices. 
As device 
geo- 
metries 
continue 
to shrink, 
the 
ESD sensitivity 
of devices 
will increase. 
Only through 
proper 
handling 
and packaging, 


and through 
proper 
attention 
to ESD concerns 
will we be 
able to ensure 
that long term reliability 
of key systems 
is not 
negatively 
affected 
by ESD problems. 
• 
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Glossary 


Currents-Positive 
current 
is defined 
as conventional 
cur- 
rent flow into a device. 
Negative 
current 
is defined 
as con- 
ventional 
current 
flow out of a device. 
All current 
limits are 
specifed 
as absolute 
values. 


Icc Supply 
Current-The 
current 
flowing 
into the Vcc 
sup- 
ply terminal 
of a circuit 
with the specified 
input 
conditions 
and the outputs 
open. 
When 
not specified, 
input conditions 
are chosen 
to guarantee 
worst-case 
operation. 


IIH Input 
HIGH Current-The 
current 
flowing 
into an input 
when 
a specified 
HIGH voltage 
is applied. 


IlL Input LOW Current-The 
current 
flowing 
out of an input 
when 
a specified 
LOW voltage 
is applied. 


10H Output 
HIGH Current-The 
current 
flowing 
out of the 
output 
when 
it is in the HIGH state. 
For a turned-off 
open- 
collector 
output 
with 
a specified 
HIGH 
output 
voltage 
ap- 
plied, the IOH is the leakage 
current. 


10L Output 
LOW Current-The 
current 
flowing 
into an out- 
put when 
it is in the LOW state. 


105 Output 
Short Circuit 
Current-The 
current 
flowing 
out 
of a HIGH-state 
output when that output 
is short circuited 
to 
ground 
(or other 
specified 
potential). 


'OZH Output 
OFF Current 
HIGH-The 
current 
flowing 
into 
a disabled 
TRI-STATE 
output 
with a specified 
HIGH output 
voltage 
applied. 


10ZL Output 
OFF Current 
LOW-The 
current 
flowing 
out of 
a disabled 
TRI-STATE 
output 
with a specified 
LOW output 
voltage 
applied. 


Voltages-All 
voltages 
are referenced 
to the 
ground 
pin. 
Negative 
voltage 
limits are specified 
as absolute 
values (i.e., 


-10.0V 
is greater 
than 
-1.0V). 


Vcc 
Supply 
Voltage-The 
range 
of power 
supply 
voltage 
over which 
the device 
is guaranteed 
to operate 
within 
the 
specified 
limits. 


VCD (Max) 
Input 
Clamp 
Diode 
Voltage-The 
most nega- 
tive voltage 
at an input when 
a specified 
current 
is forced 
out of that 
input 
terminal. 
This 
parameter 
guarantees 
the 
integrity 
of the input diode, intended 
to clamp 
negative 
ring- 
ing at the input terminal. 


VIH Input HIGH Voltage-The 
range of input voltages 
that 
represents 
a logic HIGH in the system. 


VIH (Min) 
Minimum 
Input 
HIGH 
Voltage-The 
minimum 
allowed 
input HIGH in a logic system. 
This value represents 
the guaranteed 
input HIGH threshold 
for the device. 


VIL Input 
LOW Voltage-The 
range 
of input voltages 
that 
represent 
a logic LOW in the system 


VIL (Max) 
Maximum 
Input 
LOW 
Voltage-The 
maximum 
allowed 
input 
LOW in a system. 
This value 
represents 
the 
guaranteed 
input LOW threshold 
for the device. 


VOH (Min) Output 
HIGH Voltage-The 
minimum 
voltage 
at 
an output 
terminal 
for the specified 
output 
current 
IOH and 
at the minimum 
value 
of Vcc. 


VOL (Max) 
Output 
LOW 
Voltage-The 
maximum 
voltage 
at an output 
terminal 
sinking 
the 
maximum 
specified 
load 
current 
IOL' 


VT + 
Positive-Going 
Threshold 
Voltage-The 
input volt- 
age of a variable 
threshold 
device 
(i.e., Schmitt 
Trigger) 
that 
is interpreted 
as a VIH as the input transition 
rises from be- 
low VT - 
(Min). 


VT - 
Negative-Going 
Threshold 
Voltage-The 
input volt- 
age of a variable 
threshold 
device 
(i.e., Schmitt 
Trigger) 
that 
is interpreted 
as a VIL as the input transition 
falls from above 
VT+ 
(Max) . 


AC Switching Parameters 


ft Maximum 
Transistor 
Operating 
Frequency-The 
fre- 
quency 
at which 
the gain of the transistor 
has dropped 
by 
three 
decibels. 


fmax 
Toggle 
Frequency/Operating 
Frequency-The 
maximum 
rate at which 
clock 
pulses 
may be applied 
to a 
sequential 
circuit. 
Above 
this 
frequency 
the 
device 
may 
cease 
to function. 


tpLH 
Propagation 
Delay 
Time-The 
time 
between 
the 
specified 
reference 
points, 
normally 
1.5V on the input and 
output 
voltage 
waveforms, 
with 
the 
output 
changing 
from 
the defined 
LOW level to the defined 
HIGH level. 


tpHL 
Propagation 
Delay 
Time-The 
time 
between 
the 
specified 
reference 
points, 
normally 
1.5V on the input and 
output 
voltage 
waveforms, 
with 
the 
output 
changing 
from 
the defined 
HIGH level to the defined 
LOW level. 


tw Pulse Width-The 
time between 
1.5V amplitude 
points 
on the leading 
and trailing 
edges 
of a pulse. 


th Hold Time-The 
interval 
immediately 
following 
the active 
transition 
of the 
timing 
pulse 
(usually 
the 
clock 
pulse) 
of 
following 
the 
transition 
of the 
control 
input 
to its latching 
level, during 
which 
interval 
the data to be recognized 
must 
be maintained 
at the input to ensure 
its continued 
recogni- 
tion. 
A negative 
hold 
time 
indicates 
that 
the 
correct 
logic 
level 
may be released 
prior 
to the active 
transition 
of the 
timing 
pulse and still be recognized. 


ts Setup 
Time-The 
interval 
immediately 
preceding 
the ac- 
tive transition 
of the timing pulse (usually the clock 
pulse) or 
preceding 
the transition 
of the control 
input 
to its latching 
level, during which 
interval 
the data to be recognized 
must 
be maintained 
at the input to ensure 
its recognition. 
A nega- 
tive setup time indicates 
that the correct 
logic level may be 
initiated 
sometime 
after 
the 
active 
transition 
of the timing 
pulse and still be recognized. 


tpHZ Output 
Disable 
Time (of a TRI-STATE 
Output) 
from 
HIGH Level-The 
time between 
the 1.5V level on the input 
and a voltage 
O.3V below the steady 
state output 
HIGH lev- 
el with 
the 
TRI-STATE 
output 
changing 
from 
the 
defined 
HIGH level to a high impedance 
(OFF) state. 


tpLZ Output 
Disable 
Time (of a TRI-STATE 
Output) 
from 
LOW Level-The 
time between 
the 1.5V level on the input 
and a voltage 
O.3V above the steady state output 
LOW level 
with the TRI-STATE 
output 
changing 
from the defined 
LOW 
level to a high impedance 
(OFF) state. 


tpZH Output 
Enable 
Time 
(of a TRI-STATE 
Output) 
to a 
HIGH Level-The 
time between 
the 1.5V levels of the input 
and output 
voltage 
waveforms 
with the TRI-STATE 
output 
changing 
from 
a high 
impedance 
(OFF) 
state 
to a HIGH 
level. 


tpZL Output 
Enable 
Time 
(of a TRI-STATE 
Output) 
to a 
LOW Level-The 
time between 
the 1.5V levels of the input 
and output 
voltage 
waveforms 
with 
the TRI-STATE 
output 
changing 
from a high impedance 
(OFF) state to a LOW lev- 
el. 


tree Recovery 
Time-The 
time between 
the 1.5V level on 
the trailing 
edge of an asynchronous 
input control 
pulse and 
the same 
level on a synchronous 
input 
(clock) 
pulse 
such 
that the device 
will respond 
to the synchronous 
input. 


Logic Symbols and Terminology 


The definitions 
of LOW and HIGH logic levels 
are: LOW- a 
voltage 
defined 
by VIL; HIGH- 
a voltage 
defined 
by VIH. A 
LOW condition 
represents 
logic '0'; a HIGH condition, 
logic 


'1'. 


The logic symbols 
used to represent 
the FAST devices 
fol- 


low MIL-STD-806B 
for logic 
symbols. 
Elements 
are repre- 
sented 
by 
rectangular 
blocks 
with 
appropriate 
external 
AND/OR 
gates when 
necessary. 
A small circle at an exter- 


nal input 
means 
that 
the 
specific 
input 
is active-LOW; 
(it 
produces 
the desired 
function, 
in conjunction 
with other 
in- 
puts, if its voltage 
is the lower of the two logic levels 
in the 
system). 
A circle at the output 
indicates 
that when the func- 


Label 


Ix 


Meaning 


General 
term for inputs to 


combinatorial 
circuits. 


J, K 
Inputs to JK, SR and D 


S, R 
flip-flops 
and latches. 


D 


tion designated 
is true, the output 
is LOW. Generally, 
inputs 
are at the top and left and outputs 
appear 
at the bottom 
and 
right of the logic symbol. 
An exception 
is the asynchronous 
Master 
Reset 
in some sequential 
circuits 
which 
is always 
at 


the left hand bottom 
corner. 


Inputs 
and 
outputs 
are 
labeled 
with 
mnemonic 
letters 
as 
illustrated 
in Table 
1-1. Note 
that 
an active 
LOW function 
labeled 
outside 
of the logic symbol 
is given 
a bar over the 


label, while 
the same function 
inside 
the symbol 
is labeled 
without 
the 
bar. When 
several 
inputs 
or outputs 
use 
the 


same letter, subscript 
numbers 
starting 
with zero are used in 
an order natural 
for device 
operation. 


So 


J 


'F112 


CP 


Tl/F/9592-21 


Ax,Sx 
Address 
or Select 
inputs, used to select an 


input, output, 
data route, junction, 
or 


memory 
location. 


Ao 
'F259 
Al 


Az 


TL/F/9592-22 


LE 
Enable, active 
LOW on all TTL/MSI. 
A latch 
• 


can receive 
new data when its Enable input 


is in the active state. 


LE 
'F373 
OE 


TLIF/9592-23 


Label 


PE 


CE, CEP, 


CET 


Meaning 


Parallel Enable, a control 
input used to 


synchronously 
load information 
in parallel 


into an otherwise 
autonomous 
circuit. 


Parallel data inputs to shift registers 
and 


counters. 


Parallel 
Load; similar to Parallel Enable 


except 
that PL overrides 
the clock and 


forces 
parallel 
loading asynchronously. 


Master 
Reset, synchronously 
resets all 


outputs 
to zero, overriding 
all other inputs. 


Synchronous 
Reset, resets all outputs 


to zero with active edge of clock. 


Clock Pulse, genrally 
a HIGH-to-LOW-to-HIGH 


transition. 
An active HIGH clock (no circle) 


means outputs 
change 
on LOW-to-HIGH 


clock transition 


Clock Enable inputs for counters. 


General 
terms for outputs 
of 


combinatorial 
circuits 


'R ~ MR on 'F160AI'F161 
A 


SA on 'F162A/'F163A 


Log,c Symbols and Terminology 
(Continued) 


TABLE 
1·1 (Continued) 


Label 


Ox 


Meaning 


General 
term for latch and flip-flop 
outputs. 


If they pass through 
an enable gate before 


exiting the package, a or Q changes 
to 
OorO. 


Terminal 
Count output (1111 for up binary 


coun1ers, 
1001 for up decimal 
counters, 
or 


0000 for down counters). 


Output 
Enable, used to force TRI-STATE 


outputs 
into the high impedance 
state. 


This 
nomenclature 
is used 
throughout 
this 
book 
and 
may 
differ from 
nomenclature 
used on other 
data books, 
where 
outputs 
use alphabetic 
subscripts 
or use number 
sequences 
starting 
with one. 


Handling Precautions for 
Semiconductor 
Components 


The following 
standard 
handling 
precautions 
should 
be ob- 
served for oxide isolation, 
shallow 
junction 
processed 
parts, 


such as FAST or 100k ECL: 


1. All National 
devices 
are shipped 
in conducting 
foam 
or 
antistatic 
tubes. When they are removed 
for inspection 
or 
assembly, 
proper 
precautions 
should 
be used. 


2. National 
devices, 
after removal 
from their shipping 
mate- 


rial, should 
be placed 
leads down on a grounded 
surface. 


Under no circumstances 
should they be placed 
in polysty- 
rene foam 
or non-conducting 
plastic 
trays used for ship- 
ment and handling 
of conventional 
ICs. 


3. Individuals 
and tools 
should 
be grounded 
before 
coming 
in contact 
with these 
devices. 


4. Do not insert 
or remove 
devices 
in sockets 
with 
power 
applied. 
Ensure that power supply transients, 
such as oc- 
cur during power 
turn-on 
or off, do not exceed 
maximum 
ratings. 


5. After 
assembly 
on 
PC boards, 
ensure 
that 
static 
dis- 


charge 
cannot 
occur 
during 
handling, 
storage 
or mainte- 


nance. 
Boards 
may be stored 
with their connectors 
sur- 
rounded 
with conductive 
foam. 


• 
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Ratings, Specifications and Waveforms 


For convenience 
in system 
design, 
the 
input 
loading 
and 
fan-out 
characteristics 
of each circuit 
are specified 
in terms 


of unit loads. 


One unit load in the HIGH 
state 
is defined 
as 20 p.A; thus 
both 
the 
input 
HIGH 
leakage 
current, 
IIH' and 
the 
output 
HIGH 
current-sourcing 
capability, 
IOH, 
are 
normalized 
to 20 p.A. The specified 
IIH for a typical 
FAST® 
single 
load 
input is 20 p.A or 1.0 U.L. The IOH rating for a FAST output 
depends 
upon 
whether 
the 
device 
has 
a 
standard 
or 
TRI-STATE@ 
output 
or if the device 
is a buffer/line 
driver. 


The 'OH rating for a standard 
FAST device 
is 1.0 mA or 50 
U.L., while TRI-STATE 
is 3.0 mA or 150 U.L. and line driver/ 


buffers 
specify 
IOH of 12.0 mA or 600 U.L. 


Similarly, 
one 
unit 
load 
in the 
LOW 
state 
is defined 
as 
0.6 mA and both the input LOW current, 
Ill, and the output 
LOW 
current-sinking 
capability, 
IOl, 
are 
normalized 
to 
0.6 mA. The specified 
maximum 
III for a typical 
FAST single 
load 
input 
is 0.6 
mA or 1.0 U.L. However, 
the 
IOl 
rating 
differs 
among 
standard, 
TRI-STATE 
and 
buffer/line 
driver 
outputs. 
The 
IOL rating 
for a standard 
output 
is 20 mA or 
33.3 U.L. FAST devices 
with TRI-STATE 
outputs 
specify 
IOl 
at 24 mA or 40 U.L. for commercial 
temperature 
range and 
20 mA or 33.3 U.L. for military 
temperature 
range. The IOH 
rating 
for 
a FAST 
buffer/line 
driver 
output 
is 64 
mA 
or 
106.6 U.L. for the commercial 
temperature 
range and 48 mA 
or 80 U.L. over the military temperature 
range. 


On the 
data 
sheets 
the 
input 
and 
output 
load factors 
are 
listed 
in the 
Input 
Loading/Fan-Out 
table. 
The tables 
from 


the 54F174F373 
Transparent 
Latch 
and the 29F52 
Regis- 


tered 
Transceiver 
are reproduced 
below. 


In the second 
column 
from the right, the 54F174F373 
input 
HIGH/LOW 
load factors 
are 1.0/1.0 
with 
the first 
number 
representing 
IIH and the second 
representing 
Ill. The 29F52 
has input HIGH/LOW 
load factors 
of 1.0/1.0 
for the typical 
FAST 
single 
load inputs 
and 3.5/1.083 
for the register 
in- 
puts. 
For 
testing 
procurement 
purposes, 
these 
unit 
load 
specifications 
can easily 
be translated 
into actual 
test limits 
by multiplying 
the 
HIGH/LOW 
load factors 
by 20 p.A and 
0.6 mA respectively. 
The current 
limits are listed as well. 


Also 
in this column 
are the output 
HIGH/LOW 
output 
load 
factors, 
with the first number 
representing 
IOH and the sec- 
ond representing 
IOl.These 
load factors 
can be translated 
to actual test limits by multiplying 
them by 20 p.A and 0.6 mA 
respectively. 
These 
are shown 
in the far right column. 
The 
54F174F373 
output 
HIGH/LOW 
drive 
factors 
are 
150/40 
(33.3) which translate 
into an IOH of 3.0 mA and IOl 
of 
24 
mA 
for 
commercial 
grade 
and 
20 
mA 
for 
military 
grade. 
The 29F52 
A-Register 
outputs 
are TRI-STATE 
out- 
puts with HIGH/LOW 
drive factors 
of 150/40 
(33.3) indicat- 


ing an IOH of 3 mA and IOl of 24 mA for commercial 
and 
20 mA for military. The B-Register 
outputs 
specify 
unit load 
factors 
of 600/106.6 
(80) translating 
into an 'OH of 12 mA 
and IOl of 64 mA for commercial 
and 48 mA for military. 


Unit Loading/Fan 
Out 29F52: 
See Section 
2 for U.L. definitions 


54F/74F 


U.L. 


HIGH/LOW 


3.5/1.083 
150/40 
(33.3) 
3.5/1.083 
600/106.6 
(80) 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 


1.0/1.0 
1.0/1.0 


OEA 
CPA 
CEA 
OEB 
CPB 
CEB 


A-Register 
Inputs 
A-Register 
Outputs 
B-Register 
Inputs 
B-Register 
Outputs 
Output 
Enable A-Register 
A-Register 
Clock 
A-Register 
Clock Enable 


Output 
Enable B-Register 
B-Register 
Clock 
B-Register 
Clock Enable 


Input IIH/IIL 
Output 
IOH/IOL 


70 p.AlO.65 mA 


-3 
mAl24 
mA (20 mAl 
70 p.AlO.65 mA 


-12 
mAl64 
mA (48 mAl 
20 p.AI-0.6 
mA 
20 p.A/ - 0.6 mA 
20 p.A/ - 0.6 mA 
20 p.A/ -0.6 
mA 
20 p.A/ - 0.6 mA 
20 p.AI- 0.6 mA 


29F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


Do-D7 
Data Inputs 
1.011.0 
20 1J-A/-0.6 
mA 
LE 
Latch Enable 
Input (Active 
HIGH) 
1.011.0 
20 1J-A/-0.6 
mA 
OE 
Output 
Enable 
Input (Active 
LOW) 
1.0/1.0 
20 1J-A/-0.6 
mA 
00-07 
TRI-STATE 
Latch Outputs 
150/40 
(33.3) 
-3 
mA/24 
mA (20 mAl 


AC Loading and Waveforms 


Figure 2-1 shows the AC loading 
circuit 
used in characteriz- 
ing and specifying 
propagation 
delays 
of all FAST devices, 


unless 
otherwise 
specified 
in the data 
sheet 
of a specific 
device. 
The use of this load, which 
differs 
somewhat 
from 
previous 
practice, 
provides 
more 
meaningful 
information 
and 
minimizes 
problems 
of instrumentation 
and 
customer 
correlation. 
In the past, 
+25"C 
propagation 
delays 
for TIL 
devices 
were specified 
with a load of 15 pF to ground; 
this 
required 
great 
care 
in building 
test 
jigs 
to minimize 
stray 
capacitance, 
and implied 
the use of high impedance, 
high 
frequency 
scope 
probes. 
FAST circuits 
changed 
to 50 pF of 
capacitance 
allOWing more leeway 
in stray capacitance 
and 
also 
loading 
the device 
during 
rising 
or falling 
output 
tran- 
sitions. 
This 
more 
closely 
resembles 
the loading 
to be ex- 
pected 
in average 
applications 
and thus gives the designer 
more 
useful 
delay 
figures. 
The net effect 
of the change 
in 
AC load is to increase 
the observed 
propagation 
delay by an 
average 
of about 
1 ns. 


The 500n 
resistor 
to ground, 
in Figure 2-1, acts as a ballast, 


to slightly 
load the totem-pole 
pull-up and limit the quiescent 
HIGH-state 
voltage 
to about 
+ 3.5V. Otherwise, 
an output 
would 
rise quickly 
to about 
+ 3.5V but then continue 
to rise 
very slowly 
to about 
+ 4.4V. 
On the subsequent 
HIGH-to- 
LOW 
transition 
the observed 
tpHL would 
vary slightly 
with 
duty cycle, 
depending 
on how long the output 
voltage 
was 
allowed 
to rise before 
switching 
to the LOW state. 
Perhaps 
more importantly, 
the 500n 
resistor 
to ground 
can be a high 
frequency 
passive 
probe for a sampling 
scope, 
which 
costs 
much less than the equivalent 
high impedance 
probe. Alter- 
natively, 
the 
500n 
load to ground 
can simply 
be a 450n 
resistor 
feeding 
into a 50n 
coaxial 
cable 
leading 
to a sam- 
pling scope 
input connector, 
with the internal 
50n 
termina- 
tion of the scope 
completing 
the path to ground. 
Note that 
with this scheme 
there should 
be a matching 
cable from the 
device 
input 
pin to the other 
input 
of the sampling 
scope; 


this also serves 
as a 50n 
termination 
for the pulse genera- 
tor that supplies 
the input signal. 


Also shown 
in Figure 2-1 is a second 
500n 
resistor 
from the 
device 
output 
to 
a switch. 
For 
most 
measurements 
this 
switch 
is open; 
it is closed 
for 
measuring 
a device 
with 
open-collector 
outputs 
and for measuring 
one set of the En- 
able/Disable 
parameters 
(LOW-to-OFF 
and 
OFF-to· LOW) 
of a TRI-STATE 
output. 
With the switch 
closed, 
the pair of 
500n 
resistors 
and the 
+ 7.0V supply establish 
a quiescent 
HIGH level of +3.5V, 
which 
correlates 
with the HIGH level 
discussed 
in the preceding 
paragraph. 


Figure 
2-5 shows 
that 
the 
Disable 
times 
are measured 
at 
the 
point 
where 
the 
output 
voltage 
has risen 
or fallen 
by 
0.3V from the quiescent 
level (i.e., LOW for tpLZ or HIGH for 
tpHZ), compared 
to a 6.V of 0.5V used in previous 
practice. 


This 
change 
enhances 
the 
repeatability 
of measurements 
and gives the system 
designer 
more realistic 
delay times to 


use in calculating 
minimum 
cycle 
times. 
Since 
the rising or 
falling waveform 
is RC-controlled, 
the first 0.3V of change 
is 
more 
linear 
than 
the 
first 
0.5V 
and 
is less 
susceptible 
to 
ex1ernal 
influences. 
More 
importantly, 
perhaps, 
from 
the 
system 
designer's 
point of view, a 6.V of 0.3V is adequate 
to 
ensure that a device output 
has turned 
OFF; measuring 
to a 
6.V of 0.5V merely 
exaggerates 
the apparent 
Disable 
time 
and thus penalizes 
system 
performance, 
since the designer 
must use the Enable and Disable times to devise worst-case 
timing 
signals 
to ensure 
that 
the 
output 
of one 
device 
is 
disabled 
before 
that of another 
device 
is enabled. 


Figure 2-2 describes 
the input signal voltages 
recommend· 


ed for use when testing 
FAST circuits. 
The AC input signal 
levels 
follow 
industry 
convention 
of VIN switching 
0 to 
3 
volts. 
DC low input 
levels 
are typically 
0 to VIL, and 
high 
input 
levels 
are typically 
VIH to Vcc. 
Input 
thresholds 
are 
guaranteed 
during 
VOL and VOH tests. 
High level noise im· 


munity 
is the 
difference 
between 
VOH and VIH. Low 
level 
noise 
immunity 
is the 
difference 
between 
VIL and 
VOL. 


Noise-free 
VIH or VIL levels 
should 
not induce 
a switch 
on 
the appropriate 
output 
of the FAST device. 
When testing 
in 
an automatic 
test environment, 
ex1reme caution 
should 
be 
taken 
to ensure 
that 
input 
levels 
plus noise 
do not go into 
the transition 
region. 


Good 
high 
frequency 
wiring 
practices 
should 
be 
used 
in 
constructing 
test jigs. Leads on the load capacitor 
should 
be 
as short as possible 
to minimize 
ripples 
on the output 
wave- 
form 
transitions 
and 
to 
minimize 
undershoot. 
Generous 
ground 
metal (preferably 
a ground 
plane) should 
be used for 
the same 
reasons. 
A Vcc 
bypass 
capacitor 
should 
be pro- 
vided 
at the test 
socket, 
also 
with 
minimum 
lead 
lengths. 


Input signals 
should 
have rise and fall times 
of 2.5 ns and 
signal 
swing 
of OV to 
+ 3.0V. 
Rise and fall times 
os; 
1 ns 
should 
be used for testing 
fmax or pulse 
width. 
A 1.0 MHz 
square 
wave 
is recommended 
for most 
propagation 
delay 
tests. 
The repetition 
rate must necessarily 
be increased 
for 
testing 
fmax. A 50% duty cycle should 
always 
be used when 
testing 
fmax. Two pulse 
generators 
are usually 
required 
for 
testing 
such parameters 
as setup time, 
hold time, recovery 
time, etc. 


Precautions 
should 
be taken to prevent 
damage 
to devices 
by electrostatic 
charge. 
Static 
charge 
tends 
to accumulate 
on insulated 
surfaces, 
such 
as synthetic 
fabrics 
or carpet- 
ing, plastic 
sheets, 
trays, 
foam, 
tubes 
or bags, 
and on un- 
grounded 
electrical 
tools 
or 
appliances. 
The 
problem 
is 
much 
worse 
in a dry atmosphere. 
In general, 
it is recom- 
mended 
that 
individuals 
take the 
precaution 
of touching 
a 
known ground 
before 
handling 
devices. 
To effectively 
avoid 
electrostatic 
damage 
to FAST devices 
it may be necessary 
for individuals 
to wear a grounded 
wrist strap when 
handling 
devices. 
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FIGURE 
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Delay 
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FIGURE 
2-5. TRI·STATE 
Output 
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Times 
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Office/Distributors 
for availability 
and specifications. 
these 
conditions 
is not 
implied. 


Storage 
Temperature 
- 
65·C 
to 
+ 1 50·C 
Note 
2: Either 
voltage 
limit or current 
limit 
is sufficient 
to protect 
inputs. 


Ambient 
Temperature 
under 
Bias 
- 
55·C 
to 
+ 125·C 
Recommended 
Operating 
Junction 
Temperature 
under 
Bias 


Ceramic 
- 
55·C 
to 
+ 175·C 
Conditions 


Plastic 
- 
55·C 
to 
+ 1 50·C 
Free 
Air 
Ambient 
Temperature 


VCC 
Pin 
Potential 
to 
Military 
-55·C 
to 
+ 125·C 


Ground 
Pin 
-0.5V 
to 
+ 7.0V 
Commercial 
O·Cto 
+70·C 


Input 
Voltage 
(Note 
2) 
-0.5Vto 
+7.0V 
Supply 
Voltage 


Input 
Current 
(Note 
2) 
-30 
mA 
to 
+ 5.0 
mA 
Military 
+ 4.5V 
to 
+ 5.5V 


Voltage 
Applied 
to 
Output 
Commercial 
+ 4.5V 
to 
+ 5.5V 


in 
HIGH 
State 
(with 
Vcc 
= OV) 


Standard 
Output 
-0.5VtoVcc 


TRI-STATE 
Output 
-0.5Vto 
+5.5V 


DC Electrical Characteristics 
! 


54F174F 
vcc 
Conditions 
Symbol 
Parameter 
Units 


Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp 
Diode Voltage 
-1.2 
V 
Min 
IIN ~ 
-18 
mA, Non I/O 
Pins 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA, Standard 
orTRI-STATE 
Outputs 


Voltage 
54F 10% Vcc 
2.4 
10H ~ 
-3 
mA, TRI-STATE 
or Buffer/Line 
Driver Outputs 


54F 10% VCC 
2.0 
10H = -12 
mA, Buffer/Line 
Driver Outputs 


74F 10% Vcc 
2.5 
10H = -1 
mA, Standard 
orTRI-STATE 
Outputs 


74F 10% Vcc 
2.4 
V 
Min 
10H = -3 
mA, TRI-STATE 
or Buffer/Line 
Driver Outputs 


74F 10% VCC 
2.0 
10H = -12 
mA, Buffer/Line 
Driver Outputs 


74F5% 
Vcc 
2.7 
10H ~ 
-1 
mA,Standard 
orTRI-STATE 
Outputs 


74F 5% Vcc 
2.7 
10H ~ 
-3 
mA, TRI-STATE 
or Buffer/Line 
Driver Outputs 


74F5% 
VCC 
2.0 
10H ~ 
-15 
mA, Buffer/Line 
Driver Outputs 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
10L ~ 
20 mA, Standard 
or TRI-STATE 
Outputs 


Voltage 
54F 10% Vcc 
0.55 
10L = 48 mA, Buffer/Line 
Driver Outputs 


74F 10% Vcc 
0.5 
V 
Min 
10L ~ 
20 mA, Standard 
Outputs 


74F 10% Vcc 
0.5 
10L = 24 mA, TRI-STATE 
Outputs 


74F 10% Vcc 
0.55 
10L ~ 
64 mA, Buffer/Line 
Driver Outputs 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN ~ 0.5V, 1.0 U.L. Input 


-1.2 
mA 
Max 
VIN ~ 0.5V, 2.0 U.L. Input 


n (-0.6) 
mA 
Max 
VIN ~ 0.5V, n U.L. Input 


IIH 
Input HIGH 
54F 
20.0 


Current 
p.A 
Max 
VIN ~ 2.7 V 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
p.A 
Max 
VIN ~ 
7.0V 
Breakdown 
Test 
74F 
7.0 


IBVIT 
Input HIGH Current 
54F 
1.0 


Breakdown 
(ilo) 
74F 
mA 
Max 
VIN ~ 
5.5 V 
0.5 


ICEX 
Output 
HIGH 
54F 
250 


Leakage 
Current 
74F 
p.A 
Max 
VOUT ~ Vcc 


50 


VID 
Input Leakage 
74F 
liD ~ 
1.9 p.A 
4.75 
V 
0.0 
Test 
All Other 
Pins Grounded 


IDD 
Output 
Leakage 
74F 
3.75 
p.A 
0.0 
VIOD ~ 
150 mV 


Circuit Current 
All Other 
Pins Grounded 


DC Electrical Characteristics 
(Continued) 


54F174F 
Symbol 
Parameter 
Units 
Vcc 
Conditions 


Mln 
Typ 
Max 


IOlH 
Output 
Leakage 
Current 
50 
p.A 
Max 
VOUT = 2.7V, TAl-STATE 
Outputs, 
Non 110 


lOlL 
Output 
Leakage 
Current 
-50 
p.A 
Max 
VOUT = 0.5V, TAl-STATE 
Outputs, 
Non I/O 


I'H + IOlH 
Output 
Leakage 
Current 
70 
p.A 
Max 
V,/O = 2.7V, I/O 
Pins 


I'L + lOlL 
Output 
Leakage 
Current 
-650 
p.A 
Max 
V,/O = 0.5V, I/O 
Pins 


'os 
Output 
Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV, Standard 
or TAl-STATE 
Outputs 


-100 
-225 
mA 
Max 
VOUT = OV, Buffer/Line 
Driver Outputs 


III 
Bus Drainage 
Test 
500 
p.A 
O.OV 
VOUT = 5.25V TAl-STATE 
Outputs 


'OHC 
Open Collector, 
Output 
250 
p.A 
Min 
VOUT = VCC' O.C. Outputs 


OFF Leakage 
Test 


'CCH 
Power 
Supply 
Current 
mA 
Max 
VOUT = HIGH 


'CCL 
Power 
Supply 
Current 
mA 
Max 
VOUT = LOW 


ICCl 
Power 
Supply 
Current 
mA 
Max 
VOUT = HIGH Z 


Ell 
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FAST® Design 
Considerations 


FAST@ is a high-speed 
logic 
family 
that 
achieves 
speeds 
typically 
30% 
faster 
than 
the Schottky 
family 
with a corre- 
sponding 
power 
reduction 
of approximately 
75%. 
It is fabri- 


cated with an advanced 
oxide isolation 
technique, 
Isoplanar 
II, which 
produces 
transistors 
with very high, well-controlled 
switching 
speeds, 
extremely 
small 
parasitic 
capacitances 
and fT in excess 
of 5 GHz. 


Since the family is designed 
to be pin-compatible 
with other 
TTL 
families 
such 
as Schottky, 
Low 
Power 
Schottky 
and 
standard 
TTL, 
existing 
designs 
can 
be 
easily 
upgraded. 


FAST logic offers significant 
improvement 
over the Schottky 
family 
in addition 
to improved 
speed 
and power 
specifica- 
tions. 
Other 
key advantages 
are higher 
input threshold 
lev- 
els (improving 
noise 
margins), 
reduced 
input 
loading, 
and 
increased 
output drive. The FAST family contains 
a full com- 
plement 
of 
circuits 
for 
more 
efficient 
design 
capabilities: 


small scale 
integration, 
medium 
scale 
integration 
and large 
scale integration. 


Fairchild 
engineers 
had some 
specific 
design 
objectives 
in 
mind when 
they developed 
the FAST 
logic family. 
The pri- 
mary objective 
was the 
improvement 
of the circuit 
speed· 
power 
performance 
versus 
earlier TTL families. 
Another 
im- 
portant 
objective 
was increasing 
threshold 
levels to improve 
DC noise immunity. 
Other goals were maintaining 
or improv- 


ing the 
output 
drive 
of Schottky 
for 
improved 
line 
driving 
capability, 
and 
reducing 
input 
loading 
for 
increasing 
the 
overall 
fanout 
out 
of the family. 
Output 
and 
input 
voltage 
levels, functions 
and pinouts 
were standardized 
to previous 
TTL families 
to maintain 
compatibility. 


The 
primary 
design 
consideration 
was 
to 
improve 
speed 
while reducing 
power. The speed of any device 
is limited by 
the charge 
storage 
of the transistors. 
The time required 
to 
remove 
this charge 
is proportional 
to the capacitance 
and 
current 
available. 
Thus, 
to 
improve 
the 
speed, 
either 
the 


internal 
resistor 
values 
must 
be 
lowered 
to 
increase 
the 
available 
current 
and therefore 
remove 
the 
charge 
faster, 


such as in the Schottky 
family, 
or the capacitance 
must be 
reduced. 


The speed-power 
curve shown 
in Figure 3-1 a was used em- 
pirically 
to determine 
the optimum 
operating 
power 
level for 
the 
FAST 
family. 
Several 
internal 
gates 
programmed 
at a 
variety 
of power 
levels 
were 
produced 
on a wafer 
and the 
propagation 
delay 
of an internal 
gate for each 
power 
level 
was measured. 
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FIGURE 
3-1. Speed-Power 
Product 


As can be seen from the curves, 
power 
levels 
significantly 
below 4 mW per gate exhibit 
a dramatic 
degradation 
in per· 
formance. 
Power levels 
significantly 
above 4 mW, however, 


appear 
to have passed 
the point of diminishing 
returns 
with 
only 
minor 
improvements 
in 
propagation 
delay 
resulting 
from 
increased 
power. 
It was therefore 
concluded 
that the 
FAST family 
could 
be biased 
at 4 mW achieving 
a 1.75 ns 
propagation 
delay. 
• 


Figure 
3-1b compares 
the 
FAST 
logic family 
with previous 
the guaranteed 
minimum 
input 
lOW 
level, 
Vll, 
of a driven 
TIl 
and ECl 
logic families. 
Each curve groups families 
with 
circuit. The guaranteed 
worst-case 
values 
of these 
parame- 
similar technologies. 
The first line, known 
as "gold 
doped," 
ters vary slightly 
among 
the various 
circuit 
families 
and are 
groups 
together 
the 
7400 
and 
the 
74H 
families 
into 
one 
summarized 
in Table 
III-I. Note that although 
the 9000 
Se- 
technology 
grouping. 
These 
saturating 
logic families 
can be 
ries VIH and Vil 
specifications 
have different 
limits at differ- 


seen to have a relatively 
poor speed-power 
curve. 
ent temperatures, 
they are grouped 
with the 54/74 
family in 


The second 
curve notes the Schottky, 
low 
Power Schottky 
the 
table 
as a matter 
of convenience. 
Note 
also 
that 
the 


and 10k ECl 
families. 
They use non-gold 
doped, 
soft satu- 
Val 
limit listed for 74lS 
is 0.5V, whereas 
these 
circuits 
are 


rated 
(Baker 
clamped) 
or current 
steering 
logic in order 
to 
also specified 
at 04.v 
at a lower level of IOl. Noise margins 


achieve 
their speed-power 
performance; 
however, 
they still 
calculated 
in this manner 
are quite conservative, 
since 
it is 


employ 
the planar technology. 
The last curve, which 
shows 
assumed 
that 
both 
the 
driver 
output 
characteristics 
are 


the 
FAST 
family 
with 
its ECl 
counterpart, 
the 
100k 
ECl 
worst-case 
and that Vcc is on the low side for the driver and 


family, 
employs 
the 
Isoplanar 
technology. 
With 
FAST 
Iso- 
on the high side for the receiver. 


planar 
technology, 
3 ns propagation 
delays 
at only 4 mW 
Figure 3-2 shows 
how load capacitance 
affects 
the propa- 
power 
dissipation 
are achieved 
with SSI devices. 
gation 
delay 
of low 
Power 
Schottky, 
Schottky 
and 
FAST 


THRESHOLD 
AND NOISE MARGINS 
gates, 
flip-flops, 
registers 
and decoders, 
etc. As would 
be 


expected, 
low 
Power Schottky 
TIl 
shows 
greater 
sensitivi- 
The 
noise 
margins 
most 
often 
cited 
for TIl 
obtained 
by 
ty since 
lS 
output 
drive capability 
is not as great 
as either 
subtracting 
the guaranteed 
maximum 
input HIGH level, VIH, 
Schottky 
or FAST. Significantly, 
FAST is less affected 
than 
of a driven input from the guaranteed 
minimum 
output 
HIGH 
Schottky 
by load 
capacity. 
Figure 3-2 shows 
propagation 
level, VOH, of the driving 
source, 
and subtracting 
the guar- 
delay 
versus 
load capacitance 
for buffers 
and 
line drivers 
anteed 
maximum 
output 
lOW 
level, Val, 
of the driver from 
since they are designed 
for greater 
output 
drive. 


I 
TABLE 
111·1.Parameter 
Limits 


Military 
Commercial 


TILFamilies 
(-55·Cto 
+ 125·C 
(O·C to + 70·C) 
Units 


Vil 
VIH 
VOL 
VOH 
VIL 
VIH 
VOL 
VOH 


TIl 
Standard 
TIl, 
9000, 54/74 
0.8 
2.0 
0.4 
2.4 
0.8 
2.0 
0.4 
2.4 
V 
FAST 
54F/74F 
0.8 
2.0 
0.5 
2.4 
0.8 
2.0 
0.5 
2.5 
V 
S-TIl 
Schottky 
TIl, 
54S/7 4S, 93S 
0.8 
2.0 
0.5 
2.5 
0.8 
2.0 
0.5 
2.7 
V 
lS-TIl 
low 
Power Schottky 
TIl, 
54lS/7 
4lS 
0.7 
2.0 
0.4 
2.5 
0.8 
2.0 
0.5 
2.7 
V 


VOL and VOH are the voltages generated at the output. VIL and VIH are the voltages required at the input to generate the appropriate 
levels. The numbers given 


above are guaranteed worst-case 
values for standard outputs. 
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FIGURE 
3-2. Propagation 
Delay 
vs Load 
Capacitance 


Notice 
also that for Schottky, 
the HIGH-to-LOW 
output 
tran- 
sition 
is more 
affected 
than 
its 
LOW-to-HIGH 
transition, 
while 
for FAST 
both 
transitions 
are equally 
affected. 
This 
indicates 
a better 
balance 
in the design 
of the FAST output, 
and minimizes 
pulse stretching 
and compressing. 


Designers 
are cautioned 
that curves 
of this type do not ap- 
ply when 
the load capacitance 
is distributed 
along an inter- 
connection. 


TEST AND SPECIFICATION 
IMPROVEMENTS 


Because 
the 
circuitry 
and 
technological 
improvements 
(feedback 
and speedup 
diodes 
and the Miller Killer circuitry) 
yield well-controlled 
AC parameters, 
the FAST family can be 
specified 
over extremes 
of external 
influences. 
FAST is the 
first TIL 
logic 
family 
which 
does 
not require 
derating 
esti- 
mates 
for worst-case 
design. 
This has been accomplished 
by specifying 
minimum 
and 
maximum 
propagation 
delays 
over the operating 
temperature 
and supply 
voltage 
ranges 
with 50 pF loading. 


In order 
to achieve 
easier 
correlation 
with 
our customers' 
needs, 
a change 
in the 
actual 
AC test 
load was 
needed. 
Previously, 
most TTL families 
were measured 
with three se- 
rial diodes 
in parallel 
with the load capacitor. 
For the FAST 
logic 
family, 
a 50 pF capacitance 
in parallel 
with 
a soon 
resistor 
is employed. 
This facilitates 
fabrication 
of low ca- 
pacitance 
test 
jigs. 
It also 
provides 
better 
correlation 
with 
customers' 
measurements 
of 
propagation 
delay. 
Passive 
soon 
scope 
probes, 
which are less expensive 
and easier to 
use than the high impedance 
FET input scope 
probes, 
can 
be employed. 
This facilitates 
measurement 
of the AC per- 
formance 
on automatic 
test equipment 
and yields more con- 
servative 
AC figures than are achieved 
with the previous 
AC 
load technique. 


DESIGN 
CONSIDERATIONS 


There 
are areas 
of concern 
which 
need 
to be addressed 
when 
designing 
with 
any 
high 
performance 
logic 
family. 


These 
topics 
include: 
transmission 
line 
concepts, 
printed 
circuit 
board 
layout, 
interfacing 
between 
technologies, 
open 
collector 
outputs, 
fanout, 
and unused 
inputs. 


For additional 
information, 
please 
refer to National's 
FAST 
Applications 
Handbook. 


TRANSMISSION 
LINES 


Practical 
transmission 
lines, cables 
and strip lines used for 
TIL 
interconnections 
have a characteristic 
impedance 
be- 
tween 
30n 
and 150n. 
FAST is capable 
of driving a son 
line 
under worst-case 
conditions. 


These 
considerations, 
applicable 
only when 
the round 
trip 
delay 
of the 
line is longer 
than 
the 
rise or fall time 
of the 
driving signal (2td > tr), do not affect 
most TTL interconnec- 
tions. 
Short 
interconnections 
do not behave 
like a resistive 
transmission 
line, but more like a capacitive 
load. Since the 
rise time of different 
TIL 
outputs 
is known, the longest 
inter- 
connection 
that can be tolerated 
without 
causing 
transmis- 
sion 
line 
effects 
can 
easily 
be calculated 
and 
is listed 
in 
Table 
III-II. 


TABLE 
III-II. PC Board Interconnections 


Max Interconnection 
TTLFamily 
Rise Time 
Fall Time 
Length 


54/74,54/74LS 
6-9 ns 
4-6 
ns 
18 in. (45 cm) 


54S/748 
4-6 ns 
2-3 ns 
9 in. (22.5 cm) 


FAST 
1.8-2.8 
ns 1.6-2.6 
ns 7.5 in. (19 cm) 


Assuming 1.7 ns/toot propagation speed, typical for epoxy fiberglass PC 


boards 
with 
E( = 4.7. 


Slightly 
longer 
interconnections 
show 
minimal 
transmission 
line effects; 
the longer the interconnections, 
the greater 
the 
chance 
that system 
performance 
may be degraded 
due to 
reflections 
and ringing. 


TRANSMISSION 
LINE EFFECTS 


The fast rise and fall times of TTL outputs 
(2.0 ns to 6.0 ns) 
produce 
transmission 
line effects 
even with relatively 
short 
«2 
It) interconnections. 
Consider 
one TIL 
device 
driving 
another 
and switching 
from 
the LOW to the HIGH 
state. 
If 
the 
propagation 
delay 
of the interconnection 
is long com- 
pared 
to the 
rise time 
of the 
signal, 
the 
arrangement 
be- 
haves 
like a transmission 
line driven 
by a generator 
with a 
non-linear 
output 
impedance. 
Simple transmission 
line theo- 
ry shows 
that the initial voltage 
step at the output 
just alter 
the driver 
has switched 
is 


VOUT=VE 
~ 
Zo + RO 


where 
Zo is the characteristic 
impedance 
of the line, Ro is 
the output 
impedance 
of the driver, and VE is the equivalent 
output 
voltage 
source 
in the driver, 
(i.e., Vcc 
minus the for- 
ward drop of the pull-up 
transistors). 


Figure 
3-3 shows 
how the initial voltage 
step can be deter- 
mined 
graphically 
by superimposing 
lines 
of constant 
im- 
pedance 
of the static input and output characteristics 
of TIL 
elements. 
The constant 
impedance 
lines are drawn from the 
intersection 
of the VIN and VOL characteristics 
which 
is the 
quiescent 
condition 
preceding 
a LOW-to-HIGH 
transition. 
Alter 
this transition 
the VOH characteristic 
applies, 
and the 
intersection 
of a particular 
impedance 
line 
with 
the 
VOH 
characteristic 
determines 
the initial voltage 
step. 
The VOH 
characteristic 
shown 
in Figure 
3-3 has an Ro of about 
80n 
and VE of approximately 
4.0V, for calculation 
purposes. 


II 
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FIGURE 
3·3. Initial Output 
Voltage 
of TTL Driving Transmission 
Line 


This initial voltage 
step propagates 
down the line and re- 
For Zo of 25n 
and 50n, 
the initial voltage 
step is in the 
flects at the end, assuming the typical case where the line is 
threshold 
region of a TTL input and the output voltage 
only 
open-ended 
or terminated 
in an impedance 
greater than its 
rises above the guaranteed 
2.0V VIH level after a reflection 
characteristic 
impedance 
Z00 
Arriving 
back at the source, 
returns 
from 
the end of the 
line. If VOUT is increased 
to 
this reflected 
wave 
increases 
VOUT. If the total round-trip 
>2.0V, by either increasing Zo or decreasing 
Ro, additional 
delay is larger than the rise time of the driving signal, there 
delay does not occur. Ro is characteristic 
of the driver out- 
is a staircase 
response 
at the driver output and anywhere 
put configuration, 
varying between 
the different 
TTL speed 
along the line. If one of the loads (gate inputs) is connected 
categories. 
Zo can be changed 
by varying the width of the 
to the line close to the driver, the initial output voltage VOUT 
conductor 
and its distance from ground. Table III-III lists the 
might not exceed VIH. This input is then undetermined 
until 
lowest 
transmission 
line impedance 
that can be driven 
by 
after the round trip of the system. Figure 3-4 shows the 'FOO 
different 
TTL 
devices 
to insure 
an initial voltage 
step 
of 
driver output 
waveform 
for four different 
line impedances. 
2.0V. 
a 
~ 


Zo = 50li 


UNDEFINEDLOGIC LEVEL 


50 
n, 
100 
150 
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b. 


5.0 
5.0 


•• 0 
•. 0 


3.0 
3.0 
ZO=10511 


UNDEFINEDLOGIC LEVEL 


Zo=2511 


UNDEFINED LOGIC LEVEL 


150 
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FIGURE 3·4. TTL Driving Transmission 
Line 


Note that the worst-case 
value, assuming a + 30% tolerance 
on the current limiting resistor and a -10% 
tolerance 
on Vcc, is 
80% higher than the value for nominal conditions. 


.." 
TABLE 
III-III. 
Transmission 
Line Driving 
Capability 
~en 


Lowest 
Transmission 
Line Impedance 
n 
-l 


Collector 
C 
TTLFamilyor 
Resistor 
Worst 
Case 
Best Case 
ell 
Nominal 
III 
Device 
Rn 
(R + 30%) 
(R - 
30%) 
cO· 
::J 
54174 
130 
241.4 
204.8 
136.8 
84.6 
75.8 
0 
5451745 
55 
110.0 
92.2 
61.1 
37.5 
33.4 
0 
::J 
544017440 
100 
185.7 
157.5 
105.2 
65.1 
58.3 
III 


545174540 
25 
50.0 
41.9 
27.7 
17.0 
15.2 
a: 
ell 
54F/74FOO 
45 
66.2 
57.7 
40.9 
27.6 
25.0 
...• 
III- 
54F174F258 
25 
36.76 
32.0 
22.7 
15.3 
13.9 
C)" 
54F174F240 
15 
22.0 
19.2 
13.6 
9.2 
8.3 
::J 
III 


Supply Voltage 
(Vcc) 
4.50 
4.75 
5.00 
5.25 
5.50 


A graphical 
method 
provides 
excellent 
insight 
into the 
ef- 
fects 
of high-speed 
digital 
circuits 
driving 
interconnections 
acting 
as transmission 
lines. A load line is drawn 
for each 
input and output 
situation. 
Each load line starts at the previ- 
ous 
quiescent 
point, 
determined 
where 
the 
previous 
load 
line intersects 
the appropriate 
characteristic. 
The magnitude 
of the slope 
of the 
load lines is identical 
and equal 
to the 
characteristics 
impedance 
of 
the 
line, 
but 
alternate 
load 
lines have opposite 
signs representing 
the change 
in direc- 
tion of current 
flow. 
The points 
where 
the load lines inter- 
sect the input and output 
characteristics 
represent 
the volt- 
age and current 
value at the input or output, 
respectively, 
for 
that reflection. 
The results, 
Figure 
3-5, are shown 
with and 
without 
the input diode and illustrate 
how the input diode on 
TTL elements 
assists 
in eliminating 
spurious 
switching 
due 
to reflection. 


TRANSMISSION 
LINE CONCEPTS 


The interactions 
between 
wiring and circuitry 
in high-speed 
systems 
are more 
easily 
determined 
by treating 
the 
inter- 
connections 
as transmissions 
lines. A brief review 
of basic 
concepts 
is presented 
and 
simplified 
methods 
of analysis 


are used 
to examine 
situations 
commonly 
encountered 
in 
digital 
systems. 
Since 
the principles 
and methods 
apply 
to 
any type 
of logic 
circuit, 
normalized 
pulse 
amplitudes 
are 
used in sample 
waveforms 
and calculations. 


SIMPLIFYING 
ASSUMPTIONS 


For the great majority 
of interconnections 
in digital systems, 
the resistance 
of the conductors 
is much less than the input 


and output 
resistance 
of the circuits. 
Similarly, 
the insulating 
materials 
have 
very 
good 
dielectric 
properties. 
These 
cir- 
cumstances 
allow such factors 
as attenuation, 
phase distor- 
tion and bandwidth 
limitations 
to be ignored. 
With these sim- 
plifications, 
interconnections 
can be dealt 
with 
in terms 
of 
characteristic 
impedance 
and propagation 
delay. 


CHARACTERISTIC 
IMPEDANCE 


The two conductors 
that interconnect 
a pair of circuits 
have 
distributed 
series 
inductance 
and 
distributed 
capacitance 
between 
them, 
and thus constitute 
a transmission 
line. For 
any length 
in which 
these 
distributed 
parameters 
are con- 
stant, 
the 
pair of conductors 
have 
a characteristic 
imped- 
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ance ZQ. Where 
quiescent 
conditions 
on the line are deter- 
mined 
by the 
circuits 
and terminations, 
Zo 
is the 
ratio 
of 
transient 
voltage 
to transient 
current 
passing 
by a point on 
the line when a signal change 
or other electrical 
disturbance 
occurs. 
The 
relationship 
between 
transient 
voltage, 
tran- 
sient 
current, 
characteristic 
impedance, 
and the distributed 
parameters 
is expressed 
as follows: 


VII = Zo = JLo/Co 


where 
Lo 
= 
inductance 
per unit length, 
and Co 
= 
capaci- 
tance 
per unit length. 
Zo is in ohms, 
La in henries, 
and Co 
in farads. 


PROPAGATION 
VELOCITY 


Propagation 
velocity 
(v) and 
its reciprocal, 
delay 
per unit 
length 
0, can also be expressed 
in terms 
of Lo and Co. A 
consistent 
set of units 
is nanoseconds, 
micro henries 
and 
picofarads, 
with a common 
unit of length. 


v = 
1!JLoCo 
0 = JLoCo 


These 
equations 
provide 
a convenient 
means 
of determin- 
ing the Lo and Co of a line when 
delay, 
length 
and imped- 
ance 
are known. 
For a length 
1 and delay T, 0 is the ratio 
T/1. 
To determine 
Lo and Co, combine 
these 
equations. 


Lo = oZo 


Co = o/Zo 


More 
formal 
treatments 
of 
transmission 
line 
effects 
are 
available 
from 
many sources. 


TERMINATION 
AND REFLECTION 


A transmission 
line with 
a terminating 
resistor 
is shown 
in 
Figure 
3-6. As indicated, 
a positive 
step 
function 
voltage 
travels 
from 
left to right. To keep track 
of reflection 
polari- 
ties, it is convenient 
to consider 
the lower conductor 
as the 
voltage 
reference 
and to think in terms of current 
flow in the 
top conductor 
only. The generator 
is assumed 
to have zero 
internal 
impedance. 
The initial current 
11is determined 
by V1 
and Zo0 


V,,11- 
11- 
1)'r 
V; T 


VI 


~I f 
RT 
11= ZQ 


FIGURE 3-6 


If the terminating 
resistor 
matches 
the line impedance, 
the 
ratio of voltage 
to current 
traveling 
along the line is matched 
by the ratio of voltage 
to current 
which 
must, by Ohm's 
law, 


always 
prevail at RT. From the viewpoint 
of the voltage 
step 
generator, 
no adjustment 
of output 
current 
is ever required; 
the situation 
is as though the transmission 
line never existed 
and RT has been connected 
directly 
across 
the terminals 
of 
the generator. 


From the RT viewpoint, 
the only thing the line did was delay 
the arrival of the voltage 
step by the amount 
of time T. 


When 
RT is not equal to Zo, the initial current 
starting 
down 
the line is still determined 
by V1 and Zo but the final steady 


state 
current, 
after 
all reflections 
have 
died 
out, 
is deter- 
mined 
by V, 
and 
RT (ohmic 
resistance 
of the 
line 
is as- 
sumed to be negligible). 
The ratio of voltage 
to current 
in the 
initial 
wave 
is not equal 
to the 
ratio 
of voltage 
to current 
demanded 
by RT. Therefore, 
at the instant 
the initial wave 
arrives 
at RT' another 
voltage 
and 
current 
wave 
must 
be 
generated 
so that 
Ohm's 
law is satisfied 
at the 
line-load 
interface. 
This reflected 
wave, 
indicated 
by V, and I, in Fig- 
ure 
3-6, 
starts 
to 
return 
toward 
the 
generator. 
Applying 
Kirchoff's 
laws to the end of the line at the instant 
the initial 
wave arrives 
results 
in the following: 


I; + 
I, = 
IT = current 
into RT 


Since only one voltage 
can exist at the end of the line at this 
instant 
of time, the following 
is true: 


V1 + V, = VT 


I, =V1/Zoandl,= 
-Vr/Zo 


with the minus sign indicating 
that V, is moving. toward 
the 
generator. 


Combining 
the 
foregoing 
relationships 
algebraically 
and 
solving 
for V, yields 
a simplified 
expression 
in terms 
of Vl, 
Zo and RT· 


V1 
V, 
V1 + V, 
V1 
V, 
---=---=-+- 
Zo 
Zo 
RT 
RT 
RT 


V1 (~-~) 
= V, (~ 
+ ~) 
Zo 
RT 
RT 
Zo 


( RT-Zo) 
V, = V1 
--- 
= 
PL V1 
RT + Zo 


The term 
in parentheses 
is called 
the coefficient 
of reflec- 
tion (pLJ. With 
RT ranging 
between 
zero 
(shorted 
line) and 
infinity 
(open 
line), the coefficient 
ranges 
between 
-1 
and 


+ 1 respectively. 
The subscript 
L indicates 
that 
PL refers to 
the coefficient 
at the load end of the line. 


This 
last 
equation 
expresses 
the 
amount 
of voltage 
sent 
back down 
the line, and since 


VT = V1 + V, 


VT = V1 (1 + PU 


VT can also be determined 
from an expression 
which 
does 
not require the preliminary 
step of calculating 
PL. ManipUlat- 
ing (1 + 
pLJ results 
in 


1 + PL = 
1 + (RT - 
Zo)/(RT 
+ Zo) 


= 2 (RT/(RT 
+ Zo)) 


Substituting, 
this gives 


VT = 2 (RT/(RT 
+ Zo)) V, 


The foregoing 
has the same form as a simple voltage 
divid- 
er involving 
a generator 
V, 
with 
internal 
impedance, 
Zo, 
driving 
a load RT, except 
that the amplitude 
of VT is dou- 
bled. 


The arrow indicating 
the direction 
of V, in Figure 3-6 correct- 
ly indicates 
the V, direction 
of travel, 
but the direction 
of I, 
flow 
depends 
on the 
V, polarity. 
If V, is positive, 
I, flows 
toward 
the 
generator, 
opposing 
11. This 
relationship 
be- 
tween 
the polarity 
of V, and the direction 
of I, can be de- 
duced 
by noting 
that 
if V, is positive 
it is because 
RT is 
greater 
than Zo0 In turn, this means that the initial current 
I, 


is larger than the final quiescent 
current, 
dictated 
by V1 and 
RT. Hence Ir must oppose 
11 to reduce the line current 
to the 
final 
quiescent 
value. 
Similar 
reasoning 
shows 
that 
if Vr is 
negative, 
Ir flows 
in the same direction 
as 11. 


It is somewhat 
easier 
to determine 
the effect 
of Vr on line 
conditions 
by thinking 
of it as an independent 
voltage 
gener- 
ator in series with RT. With this concept, 
the direction 
of Ir is 
immediately 
apparent; 
its magnitude, 
however, 
is the ratio of 
Vr to ZO, Le., RT is already 
accounted 
for in the magnitude 
of Yr. The relationships 
between 
incident 
and reflected 
sig- 
nals are represented 
in Figure 
3-7 for both 
cases 
of mis- 
match 
between 
RT and Zo, 


The 
incident 
wave 
is shown 
in Figure 
3-7a, 
before 
it has 
reached 
the end of the line. In Figure 
3-7b, 
a positive 
Vr is 
returning 
to the generator. 
To the left of Vr the current 
is still 
I" 
flowing 
to the right, while to the right of Vr the net current 
in the line is the difference 
between 
11 and Ir. In Figure 3-7c, 


the reflection 
coefficient 
is negative, 
producing 
a negative 
Yr. This, in turn, causes 
an increase 
in the amount 
of current 
flowing 
to the right behind 
the Vr wave. 


DISTANCE 
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SOURCE 
IMPEDANCE, 
MULTIPLE 
REFLECTIONS 


When a reflected 
voltage 
arrives 
back at the source 
(gener- 
ator), the reflection 
coefficient 
at the source 
determines 
the 
response 
to Vr. The coefficient 
of reflection 
at the source 
is 
governed 
by Zo and the source 
resistance 
Rs· 


Ps = (Rs - 
ZoJ/(Rs 
+ ZoJ 


If the source 
impedance 
matches 
the line impedance, 
a re- 
flected 
voltage 
arriving 
at the source 
is not reflected 
back 
toward 
the 
load 
end. 
Voltage 
and 
current 
on the 
line are 
stable 
with the following 
values. 


VT = Vi + Vr 


If 
neither 
source 
impedance 
nor 
terminating 
impedance 
matches 
Zo, multiple 
reflections 
occur; 
the voltage 
at each 
end of the line comes 
closer 
to the final steady 
state value 
with each 
succeeding 
reflection. 
An example 
of a line mis- 
matched 
on both ends is shown 
in Figure 3-8. The source 
is 
a step function 
of Vcc 
= 5.0V amplitude 
occurring 
at time 
to. The initial value of V1 starting 
down 
the line is 2.4V due 
to the voltage 
divider action 
of Zo and Rs. The time scale in 
the photograph 
shows 
that the line delay 
is approximately 
6 ns. Since 
neither 
end of the line is terminated 
in its char- 
acteristic 
impedance, 
multiple 
reflections 
occur. 


Vr=L~:~~. 


I 
I 


} 
VT 


I 


FIGURE 3·7. Reflections 
for RT = Zo 
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FIGURE 
3-8. Multiple 
Reflections 
Due to Mismatch 
at Load 
and Source 


Vo ~ Vcc - 
20VSE 
~ 3.6V 


initially, V, ~ ~ 
0 Vo ~ ~ 
(3.6V) ~ 2.4V 
Zo + As 
(50 + 25)n 
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H = 20 ns/div. 
V ~ W/div. 


The amplitude 
and persistence 
of the ringing shown 
in Fig- 
ure 3-8 become 
greater 
with increasing 
mismatch 
between 
the line impedance 
and source 
and load impedances. 
The 
difference 
in amplitude 
between 
the first two positive 
peaks 
observed 
at the open end is 


VT - 
V'T = (1 + pLl V, 
- 
(1 + pLl V, p2Lp2S 


= (1 + pLl V, (1 - 
p2Lp2Sl 


The factor 
(1 - 
p2sl is similar to the damping 
factor 
associ- 
ated with lumped 
constant 
circuitry. 
It expresses 
the attenu- 
ation of successive 
positive 
or negative 
peaks 
of ringing. 


LATTICE 
DIAGRAM 


In the presence 
of multiple 
reflections, 
keeping 
track of the 
incremental 
waves 
on the 
line and the 
net voltage 
at the 
ends becomes 
a bookkeeping 
chore. A convenient 
and sys- 
tematic 
method 
of indicating 
the conditions 
which 
combine 
magnitude, 
polarity 
and time utilizes 
a graphic 
construction 
called 
a lattice 
diagram. 
A lattice diagram 
for the line condi- 
tions 
of Figure 3-8 is shown 
in Figure 
3-9. 


V, 


('+')=~ 
~.33 


SUM: 


+HV 
1='0 


v, 


p=~ 
~=+1.71 


SUM: 
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FIGURE 
3·9. lattice 
Diagram 
for the 
Circuit 
of Figure 
3·8 


The vertical 
lines symbolize 
discontinuity 
points, 
in this case 
the ends of the line. A time scale is marked 
off on each line 


in increments 
of 2T, starting 
at to for V1 and 
T voltages 
traveling 
between 
the ends of the line; solid lines are used 
for positive 
voltages 
and dashed 
lines for transmission 
mul- 
tipliers 
p and (1 + 
p) at each vertical 
line, and to tabulate 
the incremental 
and net voltages 
in columns 
alongside 
the 
vertical 
lines. 
Both 
the 
lattice 
diagram 
and 
the 
waveform 
photograph 
show 
that 
V1 and 
VT 
asymptomatically 
ap- 
proach 
3.4V, as they must with a 3.4V source 
driving a light- 
ly loaded 
line. 


SHORTED 
LINE 


The open-ended 
line in Figure 
3-8 has a reflection 
coeffi- 
cient of 0.71 and the successive 
reflections 
tend toward 
the 
steady 
state 
conditions 
of zero line current 
and a line volt- 
age equal to the source 
voltage. 
In contrast, 
a shorted 
line 
has a reflection 
coefficient 
of -1 
and successive 
reflections 
must cause the line conditions 
to approach 
the steady 
state 
conditions 
of zero voltage 
and a line current 
determined 
by 
the source 
voltage 
and resistance. 


Shorted 
line conditions 
are shown 
in Figure 
3-10a 
with the 
reflection 
coefficient 
at the source 
end of the line also nega- 
tive. A negative 
coefficient 
at both ends 
of the line means 
that any voltage 
approaching 
either end of the line is reflect- 
ed 
in the 
opposite 
polarity. 
Figure 
3-10b 
shows 
the 
re- 
sponse 
to an input step-function 
with a duration 
much long- 
er than 
the line delay. 
The initial voltage 
starting 
down 
the 
line is about 
2.4 V, which 
is inverted 
at the shorted 
end and 
returned 
toward 
the source 
as - 2.4V. Arriving 
back at the 
source 
end of the line, this voltage 
is multiplied 
by (1 + 
ps), 


causing 
a -1.61 
V net change 
in V 1. Concurrently, 
a reflect- 
ed voltage 
of 
+0.80V 
(-2.4V 
times 
ps of 
-0.33) 
starts 
back toward 
the shorted 
end of the line. The voltage 
at V 1 is 
reduced 
by 50% 
with each 
successive 
round 
trip of reflec- 


tions, thus leading 
to the final condition 
of zero volts on the 
line. 


When 
the duration 
of the input pulse 
is less than the delay 
of the line, the reflections 
observed 
at the source end of the 
line constitute 
a train of negative 
pulses, as shown 
in Figure 
3-10c. The amplitude 
decreases 
by 50% with each succes- 
sive occurrence 
as it did in Figure 
3-1 Ob. 


SERIES TERMINATION 


Driving 
an 
open-ended 
line 
through 
a source 
resistance 
equal to the line impedance 
is called 
series termination. 
It is 
particularly 
useful 
when transmitting 
signals 
which 
originate 
on a PC board and travel through 
the back-plane 
to another 
board, 
with 
the 
attendant 
discontinuities, 
since 
reflections 
coming 
back to the source are absorbed 
and ringing thereby 
controlled. 
The amplitude 
of the initial signal sent down the 
line is only half of the generator 
voltage, 
while the voltage 
at 
the 
open 
end 
of 
the 
line 
is 
doubled 
to 
full 
amplitude 
(1 + 
PL = 2). The 
reflected 
voltage 
arriving 
back 
at the 
source 
raises V1 to the full amplitude 
of the generator 
sig- 
nal. Since the reflection 
coefficient 
at the source 
is zero, no 
further 
changes 
occur 
and the line voltage 
is equal 
to the 
generator 
voltage. 
Because 
the 
initial 
signal 
on the 
line is 
only 
half the 
normal 
signal 
swing, 
the loads 
must 
be con- 
nected 
at or near the end of the line to avoid receiving 
a 2- 
step input signal. 


A TIL 
output 
driving a series-terminated 
line is severely 
lim- 
ited in its fanout 
capabilities 
due to the IA drop associated 
with the collective 
IlL drops 
of the inputs 
being 
driven. 
For 
most TIL 
families 
other than FAST it should 
not be consid- 
ered since either 
the input currents 
are so high (TIL, 
S, H) 
or the 
input 
threshold 
is very 
low (LS). In either 
case 
the 
noise margins 
are severely 
degraded 
to the point where the 
circuit 
becomes 
unusable. 
In 
FAST, 
however, 
the 
IlL of 
0.6 
mA, 
if sunk 
through 
a resistor 
of 250 
used 
a series 
terminating 
resistor, 
will reduce 
the low level 
noise 
margin 
15 mV for each standard 
FAST input driven. 


• 


RT=O 
VT=O 


TABLE 
III·IV. 
Relative 
Dielectric 
Constants 
of Various 
Materials 


Material 
E. 


M 
1~ 


Polyethylene 
Foam 
1.6 


Cellular Polyethylene 
1.8 


Teflon 
2.1 


Polyethylene 
2.3 
Polystyrene 
2.5 


Nylon 
3.0 


Silicon Rubber 
3.1 
Polyvinylchloride (pvq 
3.5 


Epoxy Resin 
3.6 
Delrin 
3.7 


Epoxy Glass 
4.7 


Mylar 
5.0 


Polyurethane 
7.0 


All the above 
information 
on impedance 
and propagation 
delays are for the circuit interconnect 
only. The actual im- 
pedance 
and propagation 
delays will differ from this by the 
loading effects 
of gate input and output capacitances. 
and 
by any connectors 
that may be in line. The effective 
imped- 
ance and propagation 
delay can be determined 
from the 
following 
formula: 


Zo 


Zo' = ~1 + (~~) 
n 


tpD = ~LoCo 
... tpD' = tpD~~1-+-(~~-~~)- 


where CL is the total of all additional 
loading. 


The results of these formulas 
will frequently 
give effective 
impedances 
of less than half ZOo and interconnect 
propaga- 
tion delays greater than the driving device propagation 
de- 


lays. thus becoming the predominant 
delay. 


FIGURE 
3-11. Unterminated 


The maximum 
length for an unterminated 
line can be deter- 
mined by 


Imax = T,/2tpd 


and for FAST, t, = 3 ns, so Imax = 10 inches 
for trace 
on 
GIO epoxy 
glass 
PC. 


The voltage 
wave propagated 
down the transmission 
line (V 
step) 
is the full output 
drive of the device 
into Zo'. 
Reflec- 


tions will not be a problem 
if I ,;; Imax. Lines longer than Imax 


will be subject 
to ringing 
and reflections 
and will drive the 
inputs 
and outputs 
below 
ground. 


Zo 
.l 
l 


a. RTtoVcc 
RT = Zoo 


c. Thevenin 
Termination 
RT = 2Zo' 


Series 
termination 
has 
limited 
use 
in 
TIL 
interconnect 
schemes 
due to the voltage 
drop 
across 
RTs in the 
LOW 
state, 
reducing 
noise 
margins 
at the receiver. 
Series 
termi- 
nation 
is the ideal termination 
for highly capacitive 
memory 
arrays 
whose 
DC loadings 
are minimal. 
RTs values 
of 10.0. 
to 50.0. are normally 
found 
in these 
applications. 


Four possibilities 
for parallel 
termination 
exist: 


A. ZO' 
to Vcc. 
This 
will consume 
current 
from 
Vcc 
when 
output 
is LOW; 


B. Zo' 
to GND. 
This will consume 
current 
from 
Vcc 
when 
output 
is HIGH; 


C. Thevenin 
equivalent 
termination. 
This will consume 
half 
the 
current 
of A and 
8 from 
the 
output 
stage, 
but will 
have reduced 
noise margins, 
and consume 
current 
from 
Vcc 
with 
outputs 
HIGH 
or 
LOW. 
If 
used 
on 
a 
TRI-STATE@ 
bus, this will set the quiescent 
line voltage 
to half. 


D. AC Termination. 
An RC termination 
to GND, C = 3tr/Zo· 


This consumes 
no DC current 
with outputs 
in either 
state. 
If 
this is used on a TR I-STATE 
bus, then the quiescent 
voltage 


on the 
line can 
be established 
at Vcc 
or GND 
by a high 
value 
pull up (down) 
resistor 
to the appropriate 
supply 
rail. 


b. RTtoGND 
RT = ZO° 


d. AC Termination 
to GND 
RT + XCT = Zoo 


Z'nf 
• 


Vcc 


~ 
Board 


b) 100ll Vcc 
Impedance 


.032" 
Epoxy Glass 


.) 2ll Vcc 
Impedance 


This diagram 
shows 
several 
schemes 
for power and ground 
distribution 
on logic boards. 
Figure 
3-14 is a cross-section, 


with 
a, b, and 
c showing 
a 0.1 
inch 
wide 
Vcc 
bus 
and 
ground 
on the opposite 
side. 
Figure 
3-14d 
shows 
side-by- 
side 
Vcc 
and 
ground 
strips, 
each 
0.04 
inch 
wide. 
Figure 
3-14e 
shows 
a four layer board 
with embedded 
power 
and 
ground 
planes. 


In Figure 3-14a, the dynamic 
impedance 
of Vcc with respect 
to ground 
is son, even though 
the Vcc trace width is gener- 
ous and there 
is a complete 
ground 
plane. 
In Figure 3-14b, 
the ground 
plane stops just below the edge of the Vcc 
bus 
and 
the 
dynamic 
impedance 
doubles 
to 100n. 
In Figure 
3-14c, 
the ground 
bus is also 0.1 inch wide and runs along 
under 
the 
Vcc 
bus and exhibits 
a dynamic 
impedance 
of 
about 68n. In Figure 
3-14d, 
the trace 
widths 
and spacing 
are such that the traces 
can run under a DIP, between 
two 


rows 
of 
pins. 
The 
impedance 
of 
the 
power 
and 
ground 
planes 
in Figure 
3-14e 
is typically 
less than 2n. 


These 
typical 
dynamic 
impedances 
point out why a sudden 
current 
demand 
due to an IC output 
sWitching 
can cause 
a 
momentary 
reduction 
in Vcc, 
unless 
a bypass 
capacitor 
is 
located 
near the IC. 


Decoupling 
capacitors 
should 
be used on every PC card, at 


least one for every five to ten standard 
TTL packages, 
one 
for 
every 
five 
'LS 
and'S 
packages, 
one 
for 
every 
three 
FAST packages, 
and one for every one-shot 
(monostable), 


line driver 
and line receiver 
package. 
They 
should 
be good 
quality 
rf capacitors 
of 0.01 I-'F to 0.1 I-'F with short leads. 
It 
is particularly 
important 
to place good rf capacitors 
near se- 
quential 
(bistable) 
devices. 
In addition, 
a larger 
capacitor 
(preferably 
a tantalum 
capacitor) 
of 2.0 I-'F to 20 I-'F should 
be included 
on each card. 


Buffer Output Sees Net son Load. 
son Load Line on IOH-VOH 
Characteristic 


Shows LOW-to-HIGH 
Step of Approx. 2.5V. 


;;-2.7V 


Your ~! 


o.zv 
;: 


---. 
:- 
QIl3 
ns 


O 


:,',' 
50mA 
~-.J 


This diagram 
illustrates 
the sudden 
demand 
for current 
from 
Vcc 
when 
a buffer 
output 
forces 
a LOW-to-HIGH 
transition 
into the midpoint 
of a data 
bus. The sketch 
shows 
a wire- 
over-ground 
transmission 
line, but it could also be a twisted 
pair, flat cable 
or PC interconnect. 


The buffer output 
effectively 
sees two 100n lines in parallel 
and thus a son load. For this value of load impedance, 
the 
buffer 
output 
will 
force 
an 
initial 
LOW-to-HIGH 
transition 
from 0.2V to 2.7V in about 3 ns. This net charge 
of 2.5V into 
a 50 load causes 
an output-HIGH 
current 
change 
of 50 mA. 


If all eight outputs 
of an octal 
buffer 
switch 
simultaneously, 
in this 
application 
the 
current 
demand 
on Vcc 
would 
be 
O.4A. Clearly, 
a nearby 
VCC bypass 
capacitor 
is needed 
to 
accommodate 
this demand. 
Q ~ CV 
I ~ Cl>V/lJ.t 
C ~ 
lI>tlI>V 


lJ.t ~ 
3 X 10-9 


TL/F/9607-30 


FIGURE 
3-16. Vcc Bypass 
Capacitor 
for Octal Driver 


Specify Vcc Droop 
~ 0.1V max. 


C ~ _0_.4_X_3_X_1_0_-_9 
~ 12 X 10-9 
~ 0.0121'F 
0.1 


Select Ce ;, 0.02 I'F 


A VCC bus with 
bypass 
capacitors 
connected 
periodically 
along 
its length 
is shown 
above. 
Also 
shown 
is a current 
source 
representing 
the current 
demand 
of the buffer 
in the 
preceding 
application. 


The 
equations 
illustrate 
an approximation 
method 
of esti- 
mating the size of a bypass 
capacitor 
based 
on the current 
demand, 
the 
drop 
in Vcc 
that 
can 
be tolerated 
and 
the 
length 
of time 
that 
the 
capacitor 
must 
supply 
the charge. 
While the demand 
is known, 
the other two parameters 
must 
be chosen. 
A VCC droop 
of 0.1V will not cause 
any appre- 
ciable 
change 
in performance, 
while a time duration 
of 3 ns 
is long enough 
for other 
nearby 
bypass 
capacitors 
to help 
supply 
charge. 
If the current 
demand 
continues 
over a long 
period 
of time, 
charge 
must 
be supplied 
by a very 
large 
capacitor 
on the board. 
This 
is the reason 
for the 
recom- 
mendation 
that 
a large 
capacitor 
be 
located 
where 
Vcc 
comes 
onto a board. 
If the buffers 
are also located 
near the 
connector 
end of the board, the large capacitor 
helps supply 
charge 
sooner. 


Ground 


A good ground 
system 
is essential 
for a PC card containing 
a large 
number 
of packages. 
The ground 
can 
either 
be a 
good ground 
bus, or better, 
a ground 
plane which, 
incorpo- 
rated with the Vcc 
supply, 
forms 
a transmission 
line power 
system. 
Power 
transmission 
systems, 
which 
can 
be 
at- 
tached 
to a PC card to give an excellent 
power system 
with- 
out the cost of a multilayer 
PC card, are commercially 
avail- 
able. 
Ground 
loops 
on or off PC cards 
are to be avoided 
unless 
they approximate 
a ground 
plane. 


With 
the 
advent 
of 
FAST, 
with 
considerably 
faster 
edge 
rates 
and 
switching 
times, 
proper 
grounding 
practice 
has 
become 
of primary 
concern 
in printed 
circuit 
layout. 
Poor 
circuit 
grounding 
layout 
techniques 
may result 
in crosstalk 
and slowed 
switching 
rates. This reduces 
overall 
circuit 
per- 
formance 
and may necessitate 
costly 
redesign. 
Also when 
FAST chips are substituted 
for standard 
TTL-designed 
print- 
ed circuit 
boards, 
faster 
edge 
rates can cause 
noise 
prob- 
lems. 
The 
source 
of these 
problems 
can 
be 
sorted 
into 
three 
categories: 


1. VCC droop 
due to faster 
load capacitance 
charging; 


2. Coupling 
via ground 
paths adjacent 
to both signal sourc- 
es and loads; 
and 


3. Crosstalk 
caused 
by parallel 
signal paths. 


Vcc 
droop 
can be remedied 
with better 
or more 
bypassing 
to ground. 
The rule here is to place 0.01 I-'F capacitors 
from 
Vcc 
to ground 
for every three 
FAST circuits 
used, as near 
the IC as possible. 
The other two problems 
are not as easily 
corrected, 
because 
PC boards, 
may already 
be manufac- 
tured and utilized. 
In this case, simply replacing 
TTL circuits 
with 
FAST 
compatible 
circuits 
is not always 
as easy 
as it 
may seem, especially 
on two-sided 
boards. 
In this situation 


IC placement 
is critical 
at high speeds. 
Also when designing 
high density 
circuit layout, a ground-plane 
layer is imperative 
to provide 
both a sufficiently 
low inductance 
current 
return 
path 
and 
to 
provide 
electromagnetic 
and 
electrostatic 
shielding 
thus preventing 
noise problem 
2 and reducing, 
by 
a large degree, 
noise problem 
3. 


Two-Sided 
PC Board Layout 


When 
considering 
the two-sided 
PC board, 
more than one 
ground 
trace 
is often found 
in a parallel 
or non-parallel 
con- 


figuration. 
For this illustration 
parallel 
traces 
tied together 
at 
one 
end are shown. 
This 
arrangement 
is referred 
to as a 
ground comb. The ground comb is placed 
on one side of the 
PC board while the signal traces 
are on the other 
side, thus 
the two-sided 
circuit 
board. 
• 
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Figure 
3-18 illustrates 
how noise is generated 
even though 
there 
is no apparent 
means 
of crosstalk 
between 
the cir- 
cuits. 
If package 
A has an output 
which 
drives 
package 
D 
input and package 
B output 
drives package 
C input, there is 
no apparent 
path 
for crosstalk 
since 
mutual 
signal 
traces 


are remotely 
located. 
What 
is significant, 
and must be em- 
phasized 
here, is that circuit 
packages 
A and B accept 
their 
ground 
link from the same trace. 
Hence, 
circuit 
A may well 
couple 
noise to circuit 
B via the common 
or shared 
portion 
of the trace. This is especially 
true at high switching 
speeds. 
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current 
for the transition 
is drawn from ground 
strip number 
two. Current 
flows 
in the direction 
indicated 
by the arrow to 
the 
common 
tie point. 
It can 
be seen 
that 
gate 
B shares 
ground 
strip number 
two with gate A from 
the point where 
gate 
B is grounded 
back 
to 
the 
common 
tie 
point. 
This 
length 
is represented 
by l1. 
When 
A switches 
states 
there 
is a current 
transient 
which occurs 
on the ground 
strip in the 
positive 
direction. 
This 
current 
spike 
is 
caused 
by 
the 
ground 
strip inductance 
and it is "felt" 
by gate B. If gate B is 
in a lOW 
state 
(Vou 
the spike 
will appear 
on the output 
since gate B's VOL level is with reference 
to ground. 
Thus if 
gate 
B's ground 
reference 
rises 
momentarily 
VOL will also 
rise. Consequently, 
if gate B is output 
to another 
gate (C in 
the illustration) 
problems 
may arise. 


Supply Voltage 
and Temperature 


The normal supply voltage 
VCC for all TTl 
circuits 
is + 5.0V. 


Commercial 
grade 
parts 
are guaranteed 
to perform 
with a 


± 10% supply 
tolerance 
(± 500 mV) over an ambient 
tem- 
perature 
range of O·C. Military grade parts are guaranteed 
to 
perform 
with 
± 10% 
supply 
tolerance 
(± 500 mV) over 
an 
ambient 
temperature 
range of - 55'C 
to + 125·C. 


The actual junction 
temperature 
can be calculated 
by multi- 
plying 
the power 
dissipation 
of the device 
with the thermal 
resistance 
of the 
package 
and 
adding 
it to the 
measured 
ambient 
temperature 
TA or package 
(case) temperature 
TC. 
For example, 
a device 
in ceramic 
DIP (OJA 100'C/W) 
dissi- 


pates typically 
145 mW. At + 55'C ambient 
temperature, 
the 
junction 
temperature 
is 


TJ = (0.145 x 100) + 55'C 


Designers 
should 
note that localized 
temperatures 
can rise 
well above the general 
ambient 
in a system 
enclosure. 
On a 
large PC board 
mounted 
in a horizontal 
plane, for example, 


the local temperature 
surrounding 
an IC in the middle of the 
board 
can 
be quite 
high 
due to the 
heating 
effect 
of the 


All TTl 
circuits 
are 
compatible, 
and 
any TTl 
output 
can 
drive a certain 
number 
of TTl 
inputs. There 
are only subtle 
differences 
in the worst-case 
noise immunity 
when low pow- 
er, 
standard 
and 
Schottky 
TTl 
circuits 
are 
intermixed. 


Open-collector 
outputs, 
however, 
require 
a pull-up 
resistor 
to drive TTl 
inputs 
reliably. 


While TTl 
is the dominating 
logic family, and many systems 
use TTl 
exclusively, 
there 
are cases 
where 
different 
semi- 
conductor 
technologies 
are used 
in one 
system, 
either 
to 
improve 
the performance 
or to lower the cost, size and pow- 
er dissipation. 
The following 
explains 
how TTl 
circuits 
can 
interface 
with ECl, 
CMOS 
and discrete 
transistors. 


Interfacing 
TTL and EeL-Mixing 
ECl 
and TTl 
logic fami- 
lies offers 
the design 
engineer 
a new level of freedom 
and 
opens 
the 
entire 
VH F frequency 
spectrum 
to the 
advan- 
tages of digital 
measurement, 
control 
and logic operation. 


The main advantages 
gained with ECl 
are high speed, flexi- 
bility, 
design 
versatility 
and transmission 
line compatibility. 


But application 
and interfacing 
cost problems 
have tradition- 
ally discouraged 
the use of ECl 
in many areas, 
particularly 
in low cost, 
less sophisticated 
systems. 


The most 
practical 
interfacing 
method 
for smaller 
systems 
involves 
using a common 
supply 
of + 5.0V to + 5.2V. Care 
must be exercised 
with both 
logic families 
when 
using this 
technique 
to assure 
proper 
bypassing 
of the power 
supply 
to prevent 
any coupling 
of noise 
between 
circuit 
families. 


When 
larger 
systems 
are operated 
on a common 
supply, 


separate 
power 
buses 
to 
each 
logic 
family 
help 
prevent 
problems. 
Otherwise, 
good 
high frequency 
bypassing 
tech- 
niques 
are usually 
sufficient. 


ECl 
devices 
have 
high 
input 
impedance 
with 
input 
pull- 
down resistors 
(> 20 k!l) 
to the negative 
supply. 
In the TTl 
to ECl 
interface 
circuits 
in Figure 
3-20, 
it is assumed 
that 
the ECl 
devices 
have high input impedance. 


• 


All circuits 
described 
operate 
with 
±5% 
ECl 
and 
±10% 
TIl 
supply variations, 
except 
those 
with ECl 
and TIl 
on a 
common 
supply. 
In those 
cases, 
the supply 
can be ± 10% 


with ECL. All resistors 
are Y.W, 
±5% 
composition 
type. 


TTl 
to ECl 
conversion 
is easily 
accomplished 
with 
resis- 
tors, which 
simultaneously 
attenuate 
the TTl 
signal 
swing, 
shift the signal levels, and provide 
low impedance 
for damp- 
ing 
and 
immunity 
to 
stray 
noise 
pick-up. 
The 
resistors 
should 
be located 
as near as possible 
to the ECl 
circuit for 
optimum 
effect. 
The circuits 
in Figure 
3-20 assume 
an un- 
loaded 
TIl 
gate 
as the 
standard 
TIl 
source. 
ECl 
input 
impedance 
is 
predominantly 
capacitive 
(approximately 
3 pF); the net RC time constant 
of this capacitance 
with the 
indicated 
resistors 
assures 
a net 
propagation 
delay 
gov- 
erned 
primarily 
by the TIl 
signal. 


a. Common 
Power Supply 


+5.2V 


22n 


b. Separate 
Power Supplies 


+5V 


-5.2V 


TlIF/9607-37 


FIGURE 3·21. ECL-to·TIL 
Conversion 


When interfacing 
between 
high voltage 
swing TIl 
logic and 
low voltage 
swing ECl 
logic, the more difficult 
conversion 
is 
from 
ECl 
to TIL. 
This requires 
a voltage 
amplifier 
to build 
up the O.BV logic swing 
to a minimum 
of 2.5V. 
The circuits 
shown 
in Figure 3-21 may be used to interface 
from 
ECl 
to 
TIL. 


The higher 
speed 
converters 
usually 
have 
the lowest 
fan- 
out: 
only 
one 
or two 
TIl 
gates. 
This 
fanout 
can 
be 
in- 
creased 
simply 
by adding 
a TIl 
buffer 
gate to the output 
of 
the converter. 
Another 
option, 
where 
ultimate 
speed 
is re- 
quired, 
is to use additional 
logic converters. 


Interfacing 
FAST and CMOS-Due 
to their wide operating 
voltage 
range, 
CMOS 
devices 
will function 
outside 
of the 
standard 
± 5V ± 10% supply 
levels. 
For our purposes, 
only 
the case where 
both the FAST and CMOS devices 
are con- 
nected 
to the same voltage 
source 
will be considered. 


FAST 
outputs 
can sink at least 20 mA in the 
lOW 
state. 


This is more than adequate 
to drive CMOS 
inputs to a valid 
lOW 
level. 
Due to their output 
designs, 
though, 
FAST out- 
puts are unable to pull CMOS inputs to above approximately 
4.0V. 
If the 
CMOS 
device 
does 
not have 
TIl-compatible 
input levels, the FAST output 
should 
be pulled 
with a resis- 
tor to Vee. The value 
of this resistor 
will vary according 
to 
the 
system. 
Factors 
that 
affect 
the 
selection 
of the value 
are: edge rate- 
the smaller 
the resistor, 
the faster the edge 
rate; fanout-the 
smaller the resistor, 
the greater the fanout; 
and noise margins-the 
smaller 
the resistor, 
the greater 
the 
output 
HIGH noise margin 
and the smaller 
the output 
lOW 
noise margin. 
FAST outputs 
can directly 
drive TIl-compati- 
ble CMOS inputs, 
such as the inputs on ACT or HCT devic- 
es, without 
pull up registers. 


Most 
CMOS 
outputs 
are capable 
of directly 
driving 
FAST 
inputs. 
Be aware, though, 
that TTl 
inputs 
have higher 
load- 
ing specifications 
than CMOS inputs. Care must be taken to 
insure 
that 
the 
CMOS 
outputs 
are not overloaded 
by the 
FAST input loading. 


TTL Driving Transistors-Although 
high voltage, 
high cur- 
rent ICs are available, 
it is sometimes 
necessary 
to control 
greater 
currents 
or voltages 
than integrated 
circuits 
are ca- 
pable 
of handling. 
When 
this 
condition 
arises, 
a discrete 
transistor 
with sufficient 
capacity 
can be driven 
from 
a TIl 
output. 
Discrete 
transistors 
are also 
used to shift 
voltages 
from TIl 
levels to logic levels for which a standard 
interface 
driver is not available. 


The two circuits 
of Figure 3-22 show how TIl 
can drive npn 
transistors. 
The first circuit is the most efficient 
but requires 
an open-collector 
TIl 
output. 
The 
other 
circuit 
limits 
the 
output 
current 
from 
the 
TIl 
totem 
pole 
output 
through 
a 
series 
resistor. 


Ib> IOmA 


FIGURE 
3-22. TTL Driving npn Transistors 
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FIGURE 
3-23. pnp Transistor 
Shifting 
TTL Output 


Shifting 
a TTL Output 
to Negative 
Levels-The 
circuit of 
Figure 3-23 uses a pnp transistor 
to shift the TTL output to a 
negative 
level. When the TIL 
output 
is HIGH, the transistor 
is cut 
off 
and 
the 
output 
voltage 
is - Vx. When 
the 
TIL 
output 
is LOW, the transistor 
conducts 
and the output 
volt- 
age is 


VOUT = -Vx 
+ R1/R2 
(Vee 
- 
2.0V) 


if the 
transistor 
is not saturated, 
or slightly 
positive 
if the 
transistor 
is allowed 
to saturate. 


High Voltage 
Drlvers-A 
TIL 
output 
can be used to drive 
high voltage, 
low current 
loads 
through 
the simple, 
non-in- 
verting 
circuits 
shown 
in Figure 
3-24. This can be useful for 
driving 
gas discharge 
displays 
or small 
relays, 
where 
the 
TIL 
output can handle the current 
but not the voltage. 
Load 
current 
should 
not exceed 
IOL (-4 
mAl. 
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TLiF/9607-41 
FIGURE 
3·24. Non-Inverting 
High Voltage 
Drivers 


Transistors 
Driving 
TTL-It 
is sometimes 
difficult 
to drive 
the relatively 
low impedance 
and 
narrow 
voltage 
range 
of 
TIL 
inputs 
directly 
from 
external 
sources, 
particularly 
in a 
rough, electrically 
noisy environment. 
The circuits 
shown 
in 
Figure 
3-25 
can 
handle 
input 
signal 
swings 
in excess 
of 


± 100V without 
harming 
the circuits. 
The second 
circuit 
has 
input 
RC filter 
that 
suppresses 
noise. 
Unambiguous 
TTL 
voltage 
levels 
are 
generated 
by 
the 
positive 
feedback 
(Schmitt 
trigger) 
connection. 


OPEN COLLECTOR 
OUTPUTS 


A number 
of available 
circuits 
have no pull-up 
circuit 
on the 
outputs. 
Open 
collector 
outputs 
are used for interfacing 
or 
for wired-OR 
(actually 
wired-AND) 
functions. 
The 
latter 
is 
achieved 
by connecting 
open collector 
outputs 
together 
and 
adding 
an external 
pull-up 
resistor. 


The value 
of the pull-up 
resistor 
is determined 
by consider- 
ing the fanout 
of the OR tie and the number 
of devices 
in 
the OR tie. The pull-up resistor 
value is chosen 
from a range 
between 
maximum 
value 
(established 
to 
maintain 
the 
re- 
quired 
VOH with all the OR-tied 
outputs 
HIGH) 
and a mini- 
mum 
value 
(established 
so that 
the 
OR tie fanout 
is not 
exceeded 
when 
only one output 
is LOW). 


TL/F/9607-43 


FIGURE 
3-25. Transistors 
Driving TTL 


MINIMUM 
AND MAXIMUM 
PULL-UP 
RESISTOR 
VALUES 


R 
- 
( 
VCC(MAX) - 
VOL 
) 


X(MIN) - 
IOL - 
N2(LOW) 
• 1.6 mA 


R 
- 
( 
VCC(MIN) - 
VOH 
) 


X(MAX} - 
N110H + N2(HIGH). 
40 p.A 


where: 


Rx = External 
pull-up 
resistor 


N1 = Number 
of wired-OR 
outputs 


N2 = Number 
of input unit loads being driven 


IOH = ICEX = Output 
HIGH leakage 
current 


IOL = LOW level fanout 
current 
of driving 
element 


VOL = Output 
LOW voltage 
level (0.5V) 


VOH = Output 
HIGH voltage 
level (2.5V) 


VCC = Power 
Supply 
Voltage 


Example: 
four 'F524 
gate outputs 
driving four other gates or 
MSI inputs. 


R 
- 
( 
5.5V - 
0.5V 
_ 
5.0V 
) 
- 
8930 


X (MIN) - 
8.0 mA - 
2.4 mA - 
5.6 mA 
- 


R 
= ( 
4.5V - 
2.5V 
=~) 
= 18520 


X (MAX) 
4 • 250 p.A + 2 • 40 p.A 
1.08 mA 


where: 


N1 = 4 


N2(HIGH) 
= 4 • 0.5 U.L. = 2 U.L. 


N2(LOW) = 4 • 0375 
U.L. = 1.5 U.L. 


IOH = 250 p.A 


IOL = 8.0 mA 


VOL = 0.5V 


VOH = 2.5V 


Any 
values 
of pull-up 
resistor 
between 
8930 
and 
18520 
can 
be used. 
The 
lower 
values 
yield 
the 
fastest 
speeds 
while the higher values 
yield the lowest 
power dissipation. 


INCREASING 
FANOUT 


To increase 
fanout, 
inputs and outputs 
of gates on the same 
package 
may be paralleled 
to those 
in a single 
package 
to 
avoid large transient 
supply currents 
due to different 
switch- 
ing times of the gates. This is not detrimental 
to the devices, 
but could 
cause 
logic problems 
if the gates are being used 
as clock 
drivers. 


UNUSED 
INPUTS 


Theoretically, 
an unconnected 
input assumes 
the HIGH log- 
ic level, 
but practically 
speaking 
it is in an undefined 
logic 
state because 
it tends to act as an antenna 
for noise. Only a 
few hundred 
millivolts 
of noise may cause the unconnected 
input to go to the logic LOW state. On devices 
with memory 
(flip-flops, 
latches, 
registers, 
counters), 
it is particularly 
im- 
portant 
to terminate 
unused 
inputs (MR, PE, PL, CP) proper- 


ly since 
a noise 
spike 
on these 
inputs 
might 
change 
the 
contents 
of the memory. 
It is a poor design 
practice 
to leave 
unused 
inputs 
floating. 


If the logic function 
calls for a LOW input, such as in NOR or 


OR gates, 
the 
input 
can be connected 
directly 
to ground. 
For a permanent 
HIGH 
signal, 
unused 
inputs 
can 
be tied 
directly 
to VCC' An unused 
input may also be tied to a used 
input 
having 
the same 
logic 
function, 
such 
as NAND 
and 
AND 
gates, 
provided 
that the driver 
can handle 
the added 
IIH. This practice 
is not recommended 
for diode-type 
inputs 
in a noisy environment, 
since each diode represents 
a small 
capacitor 
and two 
or more 
in parallel 
can act as an entry 
port for negative 
spikes 
superimposed 
on a HIGH level and 
cause 
momentary 
turn-off 
of 02. 
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54F/74FOO 
Quad 2-lnput NAND Gate 


General Description 
Features 


This device 
contains 
four independent 
gates, each of which 
• 
Guaranteed 
4000V 
minimum 
ESD protection 
performs 
the logic NAND function. 


AO 
°0 
80 


Al 
°1 
81 
A2 
°2 
82 
AJ 
°3 
8J 


TL/F/9454-3 


Pin Assignment 
Pin Assignment 
for DIP, SOIC and Flatpak 
for LCC 


14 
8, NC A1 NC °0 
Ac 
Vcc 
rnll][[]rn[!] 


80 
lJ 
A2 


°0 
12 
82 
°lm 
[II 80 


Al 


11 
°2 


GND[Q] 
lIlAc 


81 
10 
A3 
NC [j) 
rnNC 


°1 
9 
83 
°31I11 
~VCC 


83 II] 
Ii2IA2 
GND 
8 
°3 
1GI[§]lJ]]rm!rn 
TLIF/9454-2 
A3 NC °2 NC 82 


TLIF/9454-1 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/I.L 
HIGH/LOW 
Output 
IOH/IOL 


An. Sn 
Inputs 
1.011.0 
20 ",AI -0.6 
mA 


On 
Outputs 
50/33.3 
-1 
mAl20mA 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors 
for availability 
and specifications. 


Storage 
Temperature 
- 65'C to + 150'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 


Junction 
Temperature 
under Bias 
-55'C 
to + 175'C 


Vee 
Pin Potential 
to 
Ground 
Pin 


Input Voltage 
(Note 2) 


Input Current 
(Note 2) 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vee = OV) 
Standard 
Output 
TRI-STATE@ 
Output 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing 
Voltage 
(Min) 
4000V 


Note 1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


Recommended 
Operating 
Conditions 


Free Air Ambient 
Temperature 
Military 
Commercial 


Supply 
Voltage 
Military 
Commercial 


- 55'C to + 125'C 
O'Cto 
+70'C 


+ 4.5V to + 5.5V 
+ 4.5V to + 5.5V 


-0.5Vto 
+7.0V 


-0.5Vto 
+7.0V 


-30 
mA to +5.0 
mA 


-0.5VtoVee 
-0.5V 
to + 5.5V 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VeD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% VCC 
2.5 
10H = -1 
mA 


Voltage 
74F 10% VCC 
2.5 
V 
Min 
10H = -1 
mA 


74F 5% VCC 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% VCC 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% VCC 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
/LA 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
/LA 
Breakdown 
Test 
74F 
7.0 
Max 
VIN = 7.0V 


ICEX 
Output 
HIGH 
54F 
250 
/LA 
Leakage 
Current 
74F 
50 
Max 
VOUT = VCC 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.9/LA 
Test 
All other pins grounded 


10D 
Output 
Leakage 
74F 
3.75 
/LA 
0.0 
VIOD = 150mV 
Circuit Current 
All other pins grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output 
Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


leCH 
Power Supply Current 
1.9 
2.8 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
6.8 
10.2 
mA 
Max 
Vo = LOW 
• 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Units 


CL = SOpF 
CL = SOpF 
CL = SOpF 
No. 


Mln 
Typ 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
2.4 
3.7 
5.0 
2.0 
7.0 
2.4 
6.0 
2-3 
tpHL 
An. Bn to On 
1.5 
3.2 
4.3 
1.5 
6.5 
1.5 
5.3 
ns 
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54F/74F02 
Quad 2-lnput NOR Gate 


General Description 


This device 
contains 
four independent 
gates. each of which 
performs 
the logic NOR function. 


Pin Assignment 
for 
DIP, SOIC and Flatpak 
AO 
°0 
Bo 
°0 
14 
Vcc 
At 
Ao 
2 
13 
°2 
°1 
Bt 
Bo 
3 
12 
B2 
A2 
°t 
4 
11 
A2 
°2 
B2 
At 
5 
10 
°3 


.A3 
B1 
6 
9 
B3 
°3 
B3 
GND 
7 
8 
A3 


TLIF/9455-3 
TLIF/9455-2 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


An,Bn 
Inputs 
1.0/1.0 
20 !J.A/-0.6 
mA 


On 
Outputs 
50/33.3 
-1 
mA/20mA 


Pin Assignment 
for LCC 


AI NC 0t NC So 
lID 1IJ[I1 rn [IJ 


Bt [[J 


GND [Q] 


NC [j] 


A31i11 


B31I] 


1BI~1lID1I1I1iID 


°3NC~NC~ 


mAO 
[II°0 
OJ NC 


~Vcc 
[ID°2 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+4.5Vto 
+5.5V 


VCC Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 


TRI-STATE® 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 


in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not 
implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20mA 
Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 


Current 
74F 
5.0 
).LA 
Max 
VIN = 2.7V 


IBVI 
Input HIGH Current 
54F 
100 


Breakdown 
Test 
74F 
7.0 
).LA 
Max 
VIN = 7.0V 


ICEX 
Output 
HIGH 
54F 
250 


Leakage 
Current 
74F 
50 
).LA 
Max 
Your 
= Vcc 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9).LA 
Test 
All other pins grounded 


100 
Output 
Leakage 
74F 
3.75 
).LA 
0.0 
VIOD = 150mV 
Circuit Current 
All other pins grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
Your 
= OV 


ICCH 
Power Supply Current 
3.7 
5.6 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
8.7 
13.0 
mA 
Max 
Vo = LOW 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
54F 
74F 


TA = +25'C 
TA,VCC 
= Mil 
TA,VCC 
= Com 
Fig. 
Symbol 
Parameter 
Vcc 
= +5.0V 
CL = 50pF 
CL = 50pF 
Units 
No. 
CL = 50pF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
2.5 
4.4 
5.5 
2.5 
7.5 
2.5 
6.5 
2-3 
An. Sn to On 
1.5 
3.2 
4.3 
1.5 
6.5 
1.5 
5.3 
ns 
tpHL 


54F/74F04 
Hex Inverter 


General Description 
Features 


This device 
contains 
six independent 
gates, 
each of which 
• 
Guaranteed 
4000V 
minimum 
ESO protection 


performs 
the logic INVERT 
function. 


Pin Assignment 
for 
DIP, SOIC and Flatpak 


54F/74F 


Pin Names 
Description 
U.L. 
Input 
IIH/IIL 
HIGH/lOW 
Output 
IOH/IOL 


An 
Inputs 
1.0/1.0 
20 /LA/-0.6 
mA 


On 
Outputs 
50/33.3 
-1 
mA/20mA 


Pin Assignment 
forlCC 


1vz He 0, He A1 
[ID[Z][I]rnm 


02 rn 


GHD IlQI 
HC (j] 


°sllll 


As Ml 


~~IJ]JI!2I[ID 


0. HC A. He 03 


rn 00 


[1]Ao 
ITl HC 
1m Vcc 
IIID A3 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
-55'C 
to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+4.5Vto 
+5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+4.5Vto 
+5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 


in HIGH State 
(with Vcc = OV) 


Standard 
Output 
-0.5Vto 
Vcc 
TRI-STATE~ 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10l (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


Vil 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10l = 20 mA 
Voltage 
74F 10% Vcc 
0.5 
10l = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
JJ-A 
Current 
74F 
5.0 
Max 
VIN = 2.7V 


ISVI 
Input HIGH Current 
54F 
100 
JJ-A 
Breakdown 
Test 
74F 
7.0 
Max 
VIN = 7.0V 


ICEX 
Output 
HIGH 
54F 
250 
JJ-A 
Leakage 
Current 
74F 
50 
Max 
VOUT = Vcc 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.9JJ-A 
Test 
All other pins grounded 


100 
Output 
Leakage 
74F 
3.75 
JJ-A 
0.0 
VIOD = 150mV 
Circuit Current 
All other pins grounded 


III 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10S 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
2.8 
4.2 
mA 
Max 
Vo = HIGH 


ICCl 
Power Supply Current 
10.2 
15.3 
mA 
Max 
Vo = LOW 
• 


74F 
54F 
74F 


TA = +25'C 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc 
= +5.0V 
CL = 50pF 
CL = 50pF 
Units 
No. 


CL = 50pF 


Min 
Typ 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
2.4 
3.7 
5.0 
2.0 
7.0 
2.4 
6.0 
2-3 
tpHL 
An to On 
1.5 
3.2 
4.3 
1.5 
6.5 
1.5 
5.3 
ns 


~National 
~ 
semiconductor 


54F/74F08 
Quad 2-lnput AND Gate 


General Description 


This device 
contains 
four independent 
gates, each of which 
performs 
the logic AND function. 


Features 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


Pin Assignment 
for DIP, SOIC and Flatpak 


AO 
1 


8 
2 
o 
00 3 


A 
4 
1 
8 
5 
1° 
6 
1 
GNO 
7 


54F174F 


Pin Names 
Description 
U.L. 
Input IIHIIIL 
HIGH/LOW 
Output 
'OH/IOL 


An, Bn 
Inputs 
1.0/1.0 
20 J.LAI - 0.6 mA 


On 
Outputs 
50133.3 
-1 
mA/20mA 


Pin Assignment 
for LCC 


81 NC Al NC 00 
[]]!Il[I]rn[!] 


DIm 
GNO jj]] 


NC [j] 


03 jj1] 


83 Ij] 


ij]]1j][j]1I2J[j] 


A3NC~NC82 


[Il80 
mAo 


ITJ NC 
1m Vcc 
[j] A2 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
-65'C 
to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-55'C 
to + 175'C 
Military 
+4.5Vto 
+5.5V 


VCC Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5V 
to Vcc 
TRI-STATE~ 
Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20mA 


IIH 
Input HIGH 
54F 
20.0 
VIN = 2.7V 


Current 
74F 
5.0 
IJ-A 
Max 


'BVI 
Input HIGH Current 
54F 
100 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 
IJ-A 
Max 


ICEX 
Output 
HIGH 
54F 
250 
VOUT = Vcc 


Leakage 
Current 
74F 
50 
IJ-A 
Max 


VID 
Input Leakage 


74F 
4.75 
V 
0.0 
liD = 1.9IJ-A 
Test 
All Other Pins Grounded 


laD 
Output 
Leakage 
74F 
3.75 
IJ-A 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
5.5 
8.3 
mA 
Max 
Va = HIGH 


ICCL 
Power Supply Current 
8.6 
12.9 
mA 
Max 
Va = LOW 


74F 
S4F 
74F 


TA = +2S"C 
TA. VCC = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
CL = SO pF 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
3.0 
4.2 
5.6 
2.5 
7.5 
3.0 
6.6 
2-3 
tpHL 
An. Sn to On 
2.5 
4.0 
5.3 
2.0 
7.5 
2.5 
6.3 
ns 


• 


~National 
~ 
semiconductor 


54F/74F10 
Triple 3-lnput NAND Gate 


General Description 


This 
device 
contains 
three 
independent 
gates. 
each 
of 
which performs the logic NAND function. 


IEEE/IEC 
Pin Assignment 
for 
Pin Assignment 
DIP, SOIC and Flatpak 
for LCC 
Ao 
& 


80 
°0 
1 
C, NC 81 NC A, 


Ao 
[IJIIJ[]]rnm 
Co 
80 
2 


A, 
AI 3 
O,m 
m80 
8, 
°1 
81 
4 
GND [Q] 
rnAo 


C, 
5 
NC (j] 
[TINC 
C, 
02 fl1I 
~Vcc 
A2 
°1 
6 


82 
°2 
GND 7 
C2 1m 
[j]]Co 


C2 
ff]rrn[ID1I1J1IID 
TLIF/9458-3 
TL/F/9458-2 
82 NC A2 NC 00 


TL/F/9458-1 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


An, Bn• en 
Inputs 
1.0/1.0 
20 JJ.AI~0.6 
mA 


On 
Outputs 
50/33.3 
~1 mAl20mA 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- SS"C to + 12S"C 
Storage 
Temperature 
-6S"C 
to + lS0"C 
Commercial 
O"Cto 
+70"C 


Ambient 
Temperature 
under Bias 
- SS"C to + 12S"C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-SS"C 
to + 17S"C 
Military 
+ 4.SV to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5Vto 
Vcc 
TRI-STATEI!> Output 
-0.5Vto 
+S.SV 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
S4F 10% Vec 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.S 
V 
Min 
'OH = -1 
mA 
74F5% 
Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
S4F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 
Voltage 
74F 10% Vcc 
0.5 
'OL = 20mA 


IIH 
Input HIGH 
54F 
20.0 
)J-A 
Max 
VIN = 2.7V 
Current 
74F 
S.O 


'avi 
Input HIGH Current 
54F 
100 
)J-A 
Max 
V,N = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
)J-A 
Max 
Your = Vcc 
Leakage 
Current 
74F 
50 


VID 
Input Leakage 
74F 
4.7S 
V 
0.0 
110= 1.9)J-A 
Test 
All other pins grounded 


100 
Output 
Leakage 
74F 
3.75 
/LA 
0.0 
VI00 = lS0mV 
Circuit Current 
All other pins grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output 
Short-Circuit 
Current 
-60 
-150 
mA 
Max 
Your = OV 


lecH 
Power Supply Current 
1.4 
2.1 
mA 
Max 
Va = HIGH 


ICCL 
Power Supply Current 
5.1 
7.7 
mA 
Max 
Va = LOW 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S 


oC 
TA. VCC = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = 50 pF 
Units 
No. 
CL = SOpF 


Min 
Typ 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
2.4 
3.7 
5.0 
2.0 
7.0 
2.4 
6.0 
2-3 
An, Bn• Cn to On 
1.5 
3.2 
4.3 
1.5 
6.5 
1.5 
5.3 
ns 
tpHL 


~National 
~ 
semiconductor 


54F/74F11 
Triple 3-lnput AND Gate 


General Description 


This 
device 
contains 
three 
independent 
gates, 
each 
of 
which performs the logic AND function. 


IEEE/IEC 


Ao 
'" 


Bo 


Co 


Al 


B1 


C1 


A2 


B2 


C2 


Pin Assignment 
for 
Pin Assignment 
DIP, SOIC and Flatpak 
for LCC 


14 
C1 NC B1 NC Al 


Ao 
Vcc 
m[l][§]@]ill 


Bo 
2 
13 
Co 


Al 
3 
12 
00 
°100 
mBo 


B1 
4 
11 
A2 
GND[QJ 
mAo 
5 
10 
NC II] 
O]NC 
C1 
B2 
°2 ij] 
~Vcc 
6 
9 
°1 
C2 
C2~ 
~CO 


GND 
7 
8 
°2 
IB]l)]]lrnlmliE 
TLIF/9459-2 
~NC~NCDo 


TLIF/9459-1 


54F174F 


Pin Names 
Description 
U.L. 
Input IIHIIIL 
HIGH/LOW 
Output 
fOH"OL 


An, Bn, en 
Inputs 
1.0/1.0 
20 ",AI -0.6 
mA 


On 
Outputs 
50/33.3 
-1 
mA/20mA 
• 


Storage 
Temperature 


Ambient 
Temperature 
under Bias 


Junction 
Temperature 
under Bias 


Vcc 
Pin Potential 
to 
Ground 
Pin 


Input Voltage 
(Note 2) 


Input Current 
(Note 2) 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc 
= OV) 
Standard 
Output 
TRI-STATE® 
Output 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 1: Absolute 
maximum 
ratings 
are 
values 
beyond 
which 
the 
device 
may 
be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not 
implied. 


Note 
2: Either 
voltage 
limit 
or current 
limit 
is sufficient 
to protect 
inputs. 


- 65"C to + 150"C 


- 55"C to + 125"C 


- 55"C to + 175"C 


Commercial 


Supply 
Voltage 
Military 
Commercial 


+ 4.5V to + 5.5V 
+ 4.5V to + 5.5V 


-0.5V 
to + 7.0V 


-0.5Vto 
+7.0V 


-30 
mA to + 5.0 mA 


-0.5Vto 
VCC 


- 0.5V to + 5.5V 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 


Current 
74F 
5.0 
/LA 
Max 
VIN = 2.7V 


ISVI 
Input HIGH Current 
54F 
100 


Breakdown 
Test 
74F 
7.0 
/LA 
Max 
VIN = 7.0V 


ICEX 
Output 
HIGH 
54F 
250 


Leakage 
Current 
74F 
50 
/LA 
Max 
VOUT = Vcc 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.9/LA 
Test 
All other pins grounded 


10D 
Output 
Leakage 
74F 
3.75 
/LA 
0.0 
VIOD = 150 mV 
Circuit Current 
All other pins grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
4.1 
6.2 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
6.5 
9.7 
mA 
Max 
Vo = LOW 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S"C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 


Symbol 
Parameter 
Vcc = +S.OV 
Cl = SOpF 
Cl = SO pF 
Units 
No. 
Cl = SO pF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
3.0 
4.2 
5.6 
2.5 
7.5 
3.0 
6.6 
ns 
2-3 


tpHL 
An, Bn• Cn to On 
2.5 
4.1 
5.5 
2.0 
7.5 
2.5 
6.5 


• 


'?A National 
~ 
semiconductor 


54F/74F13 
Dual 4-lnput NAND Schmitt Trigger 


General Description 


The 
'F13 
contains 
two 
4-input 
NAND 
gates 
which 
accept 
standard 
TIL 
input signals and provide 
standard 
TIL 
output 
levels. 
They 
are capable 
of transforming 
slowly 
changing 
input signals 
into sharply 
defined, 
jitter-free 
output 
signals. 


In addition, 
they have a greater 
noise 
margin than conven- 
tional 
NAND 
gates. 


Each 
circuit 
contains 
a 4-input 
Schmitt 
trigger 
followed 
by 
level shifting 
circuitry 
and a standard 
FAST@ output 
struc- 


Ordering Code: 
See Section 
5 


Logic Symbol 


ture. The Schmitt 
trigger uses positive 
feedback 
to effective- 
ly speed-up 
slow input transitions, 
and provide 
different 
in- 
put threshold 
voltages 
for positive- 
and negative-going 
tran- 
sitions. 
This hysteresis 
between 
the positive-going 
and neg- 
ative-going 
input threshold 
(typically 
800 mY) is determined 
by resistor 
ratios 
and is essentially 
insensitive 
to tempera- 
ture and supply voltage 
variations. 


Features 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


Pin Assignment 
for DIP, SOIC and Flatpak 


Ao 
&.JT 


80 


Co 


Do 


AI 


81 


C1 


01 


Ao1 


80 2 


NC 
3 
4 


5 


6 


7 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


An, Bn, en, On 
Inputs 
1.0/1.0 
20 IJoAl-0.6 
mA 


On 
Outputs 
50/33.3 
-1 
mA/20mA 


Inputs 
Output 


A 
B 
C 
D 
0 


L 
X 
X 
X 
H 


X 
L 
X 
X 
H 


X 
X 
L 
X 
H 


X 
X 
X 
L 
H 


H 
H 
H 
H 
L 


H ~ 
HIGH Vollage 
Level 


l = LOW Voltage Level 


X = 
Immaterial 


Pin Assignment 
for LCC 


Do NC Co NC NC 
rnmrnrnm 


00 [[] 


GNO [Q] 


NC [jJ] 


01511 


01 II] 


~~U]JIWIJ]J 


c1 
NC NC NC 81 


m80 
mAo 
[DNC 
@gvcc 
IJ]JA1 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
-65·C 
to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-55·Cto 
+ 175·C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 


in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 
TRI-STATE<Iil Output 
- 0.5V to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VT+ 
Positive-Going 
Threshold 
1.5 
2.0 
V 
5.0 


VT- 
Negative-Going 
Threshold 
0.7 
1.1 
V 
5.0 


AVT 
Hysteresis 
(VT + - VT -) 
0.4 
- 
V 
5.0 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
JJ.A 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


laVI 
Input HIGH Current 
54F 
100 
JJ.A 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
JJ.A 
Max 
VOUT = Vcc 


Leakage 
Current 
74F 
50 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9JJ.A 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
JJ.A 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
4.5 
8.5 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
7.0 
10.0 
mA 
Max 
Vo = LOW • 


TA = +25'C 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 


Symbol 
Parameter 
Vcc = +5.0V 
CL = 50pF 
CL = 50pF 
Units 
No. 
CL = 50pF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
5.0 
10.5 
3.0 
16.0 
4.5 
12.0 
2-3 
tpHL 
An. Bn• Cn• Dn to On 
9.5 
17.5 
8.5 
22.0 
9.5 
18.5 
ns 


54F/74F14 
Hex Inverter Schmitt Trigger 


General Description 


The 'F14 contains 
six logic inverters 
which 
accept 
standard 
TTL input 
signals 
and provide 
standard 
TTL output 
levels. 
They are capable 
of transforming 
slowly changing 
input sig- 
nals into sharply 
defined, 
jitter-free 
output 
signals. 
In addi- 


tion, 
they 
have 
a greater 
noise 
margin 
than 
conventional 
inverters. 


Each circuit contains 
a Schmitt 
trigger followed 
by a Darling- 
ton 
level 
shifter 
and a phase 
splitter 
driving 
a TTL totem- 
pole output. 
The Schmitt 
trigger 
uses positive 
feed 
back to 


effectively 
speed-up 
slow input transition, 
and provide 
differ- 
ent input threshold 
voltages 
for positive 
and negative-going 
transitions. 
This hysteresis 
between 
the positive-going 
and 
negative-going 
input thresholds 
(typically 
800 mY) is deter- 


mined internally 
by resistor 
ratios and is essentially 
insensi- 
tive to temperature 
and supply voltage 
variations. 


Features 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


10 
°0 


11 
0, 


12 
°2 


13 
°3 


14 
°4 


15 
°5 


TL/F/9461-3 


Pin Assignment 
Pin Assignment 
DIP, SOIC and Flatpak 
for LCC 


14 Vcc 


12 NC 01 NC 1, 
10 
[IDIIJ[§][§]GJ 


°0 
2 
13 '5 


1, 
3 
12 - 
°2 I]] 
[I) 00 
°5 


°1 
4 
11 
1 
4 
GNo ij]J 
mlo 


12 
5 
10 - 
NC [j) 
mNC 
°4 
°3@ 
~VCC 
°2 
6 
9 
13 
13I!] 
ffID 15 
GNo 
7 
8 
°3 


TL/F/9461-1 
~~IIIDI!ZJ[j]] 


04 NC 14 NC 05 


TL/F/9461-2 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/Ill 
HIGH/LOW 
Output 
IOH/IOl 


In 
Input 
1.0/1.0 
20 !-tAl- 0.6 mA 


On 
Output 
50133.3 
-1 
mA/20mA 


Input 
Output 


A 
a 


L 
H 


H 
L 
• 


- 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+4.5Vto 
+5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+4.5Vto 
+5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 


TRI-STATE~ 
Output 
- 0.5V to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VT+ 
Positive-Going 
Threshold 
1.5 
1.7 
2.0 
V 
5.0V 


VT- 
Negative-Going 
Threshold 
0.7 
0.9 
1.1 
V 
5.0V 


l:.VT 
Hysteresis 
(VT + - VT -) 
0.4 
0.8 
V 
5.0V 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
VIN = 2.7V 


Current 
74F 
5.0 
IJ-A 
Max 
" 


levi 
Input HIGH Current 
54F 
tOO 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 
IJ-A 
Max 


ICEX 
Output 
HIGH 
54F 
250 
VOUT = Vcc 
Leakage 
Current 
74F 
50 
IJ-A 
Max 


VtD 
Input Leakage 
74F 
4.75 
V 
Max 
110= 1.91J-A 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
IJ-A 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10S 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
25 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
25 
mA 
Max 
Vo = LOW 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


- 
TA = +2S·C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = 
+S.OV 
Cl = SOpF 
Cl = SO pF 
Units 
No. 
Cl = SOpF 


Min 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
4.0 
10.5 
4.0 
14.0 
4.0 
11.5 
2-3 
tpHL 
In-On 
3.5 
8.5 
3.5 
10.0 
3.5 
9.0 
ns 


~National 
~ 
semiconductor 


54F/74F20 
Dual 4-lnput NAND Gate 


General Description 


This device 
contains 
two independent 
gates, each of which 
performs 
the logic NAND 
function. 


Ordering Code: 
See Section 
5 


Logic Symbol 


IEEE/IEC 


Ao 


&: 


80 


Co 


Do 


Al 


81 


C1 


0, 


Pin Assignment 
for DIP, SOIC and Flatpak 


AO 
1 


8 
2 
o 
NC 3 
C 
4 
o 
° 
5 
o 
- 
6 
00 


GNO 7 


54F/74F 


Pin Names 
Description 
U.L. 
Input IIHIIIL 
HIGH/LOW 
Output 
IOH/IOL 


An. Bn, Cn, On 
Inputs 
1.0/1.0 
20 fLA/ - 0.6 mA 


On 
Outputs 
50/33.3 
-1 
mA/20mA 


Pin Assignment 
for LCC 


Do NC Co NC NC 
rnilllIlrnm 


00 [II 


GNO Ii2l 


NC IIi! 
°11I1l 


01 UlJ 


1GI§1i])[l][ID 


C, NC NC NC 81 


m80 
mAo 
OJ NC 


~VCC 


IJ]]A1 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-55'C 
to + 175'C 
Military 
+4.5Vto 
+5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 


TRI-STATElD 
Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 'OL (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions 
is not implied. 


Note 
2: Either 
voltage 
limit 
or current 
limit 
is sufficient 
to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
JIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
'OH = -1 
mA 
Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
'OL = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
IJ-A 
Current 
74F 
5.0 
Max 
VIN = 2.7V 


'avi 
Input HIGH Current 
54F 
100 
IJ-A 
Breakdown 
Test 
74F 
7.0 
Max 
VIN = 7.0V 


'CEX 
Output 
HIGH 
54F 
250 


Leakage 
Current 
74F 
50 
IJ-A 
Max 
VOUT = Vcc 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.9IJ-A 
Test 
All other pins grounded 


'OD 
Output 
Leakage 
74F 
3.75 
IJ-A 
0.0 
VIOD = 150 mV 
Circuit Current 
All other pins grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output 
Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
0.9 
1.4 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
3.4 
5.1 
mA 
Max 
Vo = LOW 
• 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S·C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SO pF 
Units 
No. 
CL = SOpF 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
2.4 
3.7 
5.0 
2.0 
7.0 
2.4 
6.0 
2-3 
tpHL 
An. Bn, Cn• On to On 
1.5 
3.2 
4.3 
1.5 
6.5 
1.5 
5.3 
ns 


~National 
~ 
semiconductor 


54F/74F27 
Triple 3-lnput NOR Gate 


General Description 


This 
device 
contains 
three 
independent 
gates. 
each 
of 
which 
performs 
the logic NOR function. 


Pin Assignment 
for 
IEEE/IEC 
DIP. SOIC and Flatpak 


Al 
B2 
B1 
~1 
° 
1 
2 
c1 
A2 


C1 
3 


A2 
B1 
4 


B2 
52 
Al 
5 
C2 
° 
1 
6 


A3 
GND 
7 


B3 
° 
3 
C3 
TL/F/9539-2 


54F174F 


Pin Names 
Description 
U.l. 
Input IIHIIIL 
HIGH/lOW 
Output 
IOH/IOL 


An. Bn• en 
Data Inputs 
1.0/1.0 
20 MA/ - 0.6 mA 


On 
Data Outputs 
50/33.3 
-1 
mA/20 
mA 


Inputs 
Output 


An 
Bn 
Cn 
On 


L 
L 
L 
H 
X 
X 
H 
L 
X 
H 
'X 
L 
H 
X 
X 
L 


H ~ HIGH Voltage 
Level 
L ~ 
LOW Voltage Level 
X = Immaterial 


Pin Assignment 
forlCC 


Al NC B1 NC C, 


[]][I]I]][[J[I] 


°lm 
GND IiQJ 


NC []] 
°3 
1J1l 


C3 ij] 


1Bl[§]ij]J1UJ1rn 


B3 NC A3 NC 52 


mA2 
mB2 
[I]NC 


~VCC 


!IIDC2 


VIII\O~/LJI::ilfIUUlUf::i 
IUI 
ClYClIlClUlIIlY 
ClIIU 
0t-''ID'''''III",alIUIIO. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply Voltage 


Junction 
Temperature 
under Bias 
- 55·C to + 175·C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State (with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 
TRI-STATE@ 
Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mAl 


Note 
1: Absolute maximum ratings are values beyond which the device may 
be damaged 
or have 
its useful life impaired. 
Functional 
operation 
under 
these conditions is not implied. 


Note 
2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


Input LOW Voltage 


, 


0.8 
V 
Recognized 
as a LOW Signal 
VIL 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output HIGH 
54F 10% Vcc 
2.5 
--' - 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH Current 
54F 
20.0 
fLA 
Max 
VIN = 2.7V 


74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
Max 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 
fLA 


ICEX 
Output 
HIGH 
54F 
250 
VOUT = Vcc 
Leakage 
Current 
74F 
50 
fLA 
Max 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.9 fLA 
Test 
All Other Pins Grounded 


10D 
Output 
Leakage 
74F 
3.75 
fLA 
0.0 
VIOD = 150 mV 


Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
4.0 
5.5 
mA 
Max 
Vo = HIGH 


'CCL 
Power Supply Current 
8.7 
12.0 
mA 
Max 
Vo = LOW 


74F 
S4F 
74F 


TA = +2SoC 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Cl = SO pF 
Cl = SOpF 
Units 
No. 
Cl = SOpF 


Min 
Typ 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
2.0 
3.8 
6.0 
1.5 
6.5 
2-3 
tpHL 
1.0 
2.6 
4.0 
1.0 
4.5 
ns 


• 


~National 
~ 
semiconductor 


54F/74F30 
8-lnput NAND Gate 


General Description 


This device 
contains 
a single gate. which 
performs 
the logic 
NAND 
function. 


Ordering Code: 
See Section 
5 


Logic Symbol 


Pin Assignment 
for DIP, Flatpak 
and SOIC 


A 
1 
S 
A 
2 
• 
A 
3 
3 
Az 4 


At 5 


Ao6 


GND 7 


S4F174F 


Pin Names 
Description 
U.l. 
Input IIH/IIL 
HIGH/lOW 
Output 
IOH/JOL 


Ao-A7 
Inputs 
1.0/1.0 
20 ",AI-0.6 
mA 
a 
Output 
50/33.3 
-1 
mA/20 
mA 


Inputs 
Output 


AO 
A1 
A2 
A3 
A4 
AS 
A6 
A7 
0 


L 
X 
X 
X 
X 
X 
X 
X 
H 


X 
L 
X 
X 
X 
X 
X 
X 
H 


X 
X 
L 
X 
X 
X 
X 
X 
H 


X 
X 
X 
L 
X 
X 
X 
X 
H 


X 
X 
X 
X 
L 
X 
X 
X 
H 


X 
X 
X 
X 
X 
L 
X 
X 
H 


X 
X 
X 
X 
X 
X 
L 
X 
H 


X 
X 
X 
X 
X 
X 
X 
L 
H 


H 
H 
H 
H 
H 
H 
H 
H 
L 


H 
~ 
HIGH Voltage Level 
L 
- 
LOW Voltage Level 
X 
= Immaterial 


Pin Assignment 
forlCC 


A1 NC Az NC A3 
[ID[I]l!lrn[i] 


AoOO 


GND IiQJ 


NC ITIl 
Ofj]] 


NC [j] 


~lIIDjj]jrmlfID 


NCNCA7NC~ 


rnA• 
[II As 


[TINC 
~vcc 


I!IDNC 


Absolute Maximum Ratings 
(Note 1) 


If Military/Aerospace specified devices are required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors for availability and specifications. 


Storage 
Temperature 
- 65'C to + 150'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 


Junction 
Temperature 
under Bias 
-55'C 
to + 175'C 


VCC Pin Potential 
to 
Ground 
Pin 


Input Voltage 
(Note 2) 


Input Current 
(Note 2) 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc 
= OV) 


Standard 
Output 
TRI-STATE'!> 
Output 


Current 
Applied 
to Output 
in LOW State (Max) 


Recommended 
Operating 
Conditions 


Free Air Ambient 
Temperature 
Military 
Commercial 


- 55'C to + 125'C 
O'Cto 
+70'C 


Supply 
Voltage 
Military 
Commercial 


+ 4.5V to + 5.5V 
+ 4.5V to + 5.5V 


-0.5Vto 
+7.0V 


-0.5Vto 
+7.0V 


-30 
mA to + 5.0 mA 


-0.5VtoVcC 
-0.5Vto 
+5.5V 


Note 1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


Vil 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
IOL = 20mA 


Voltage 
74F 10% Vcc 
0.5 
IOL = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
J-LA 
VIN = 2.7V 


Current 
74F 
5.0 
Max 


IBVI 
Input HIGH Current 
54F 
100 
J-LA 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 
Max 


ICEX 
Output 
HIGH 
54F 
250 
VOUT = Vcc 
Leakage 
Current 
74F 
50 
J-LA 
Max 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9 J-LA 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
J-LA 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


III 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
0.5 
1.5 
mA 
Max 
Vo = HIGH 


ICCl 
Power Supply Current 
4.5 
mA 
Max 
Vo = LOW 


74F 
S4F 
74F 


TA = +2S 


oC 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc 
= +S.OV 
Units 


CL = 50 pF 
CL = 50 pF 
CL = 50 pF 
No. 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
1.0 
3.7 
5.0 
1.0 
5.5 


tPHL 
AntoD 
1.5 
2.8 
5.0 
1.5 
5.5 
ns 
2-3 


~National 
~ 
semiconductor 


54F/74F32 
Quad 2-lnput OR Gate 


General Description 


This device 
contains 
four independent 
gates. each of which 
performs 
the logic OR function. 


Features 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


Connection 
Diagrams 


Pin Assignment 
for 
Pin Assignment 
DIP, SOIC and Flatpak 
forLCC 


8, NC A, NC 00 
Ao 
Vec 
[]] IIHIl rn m 


80 
2 
A2 


°0 
3 
82 
°1 []] 
rn80 


A1 • 
°2 
GNDIIQI 
rnAo 


8, 
5 
A3 
Ne ITIl 
[I]NC 


0, 
6 
83 
03 1m 
~Vec 


83 II] 
[jIDA2 
GND 
7 
°3 


ij]]§1rn1I1J1rn 
Tl/F/9463-2 
A3Nc02Ne~ 


TLIF/9463-1 


54F/74F 


Pin Names 
Description 
U.L. 
Input IIH/'IL 
HIGH/LOW 
Output 
IOH/IOL 


An, Bn 
Inputs 
1.0/1.0 
20 JLA/-0.6 
mA 


On 
Outputs 
50/33.3 
-1 
mA/20mA 


• 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 


Office/Distributors 
for 
availability 
and 
specifications. 
Military 
-55'C 
to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+4.5Vto 
+5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+4.5Vto 
+5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 


Standard 
Output 
-0.5VtoVcc 


TRI-STATE@Output 
- 0.5V to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 1: Absolute maximum ratings afe values beyond which the device may 
be damaged 
or have its useful life impaired. 
Functional 
operation 
under 
these conditions 
is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
VIN = 2.7V 


Current 
74F 
5.0 
/LA 
Max 


IBVI 
Input HIGH Current 
54F 
100 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 
/LA 
Max 


ICEX 
Output 
HIGH 
54F 
250 
VOUT = Vcc 


Leakage 
Current 
74F 
50 
/LA 
Max 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.9/LA 
Test 
All Other Pins Grounded 


10D 
Output 
Leakage 
74F 
3.75 
/LA 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output 
Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
6.1 
9.2 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
10.3 
15.5 
mA 
Max 
Vo = LOW 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
CL = SOpF 


Mln 
Typ 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
3.0 
4.2 
5.6 
3.0 
7.5 
3.0 
6.6 
2-3 
ns 
tpHL 
An. Bn to On 
3.0 
4.0 
5.3 
2.5 
7.5 
3.0 
6.3 


• 


~National 
~ 
semiconductor 


54F/74F37 
Quad Two-Input NAND Buffer 


General Description 


This device 
contains 
four independent 
gates, each of which 
performs 
the logic NAND 
function. 


Ordering Code: See Section 
5 


Logic Symbol 


IEEE/IEC 
Pin Assignment 
Pin Assignment 
for DIP, SOIC and Flatpak 
forlCC 
Ao 
"'~ 
°0 
B1 NC A1 NC 00 
Bo 
Ao 
Vcc 
[ID[I][I][IJrn 


Al 
°1 
Bo 
A2 
B1 
°0 
B2 
01 [[J 
mBo 
A2 
°2 
A, 
°2 
GND [QJ 
[IJAo 


B2 
B, 
A3 
NC [j] 
[TINC 


A3 
°3 
0, 
B3 
°3 
[j1J 
~Vcc 
B3 JnJ 
[IDA2 
B3 
GND 
°3 
TL/F/9464-3 
[!][j]]/j]JIIZJMI 
Tl/F/9464-1 
A3NC02NC~ 


Tl/F/9464-2 


54F174F 


Pin Names 
Description 
U.l. 
Input IIHIIIL 


HIGH/lOW 
Output 
IOH/IOL 


An, Sn 
Inputs 
1.0/2.0 
20 JLAI-1.2 
mA 


On 
Outputs 
600/106.6 
(80) 
-12 
mAl64 
mA (48 mAl 


Inputs 
Output 


A 
B 
0 


L 
L 
H 


L 
H 
H 


H 
L 
H 


H 
H 
L 


H ~ 
HIGH Vollage 
Level 


L ~ LOW Voltage Level 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+ 4.5V to + 5.5V 


VCC Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with VCC = OV) 
Standard 
Output 
-0.5Vto 
Vcc 


TRI-STATE@Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated IOL (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.4 
10H = -3mA 


Voltage 
54F 10% Vcc 
2.0 
10H = -12mA 


74F 10% Vcc 
2.4 
V 
Min 
10H = -3 
mA 


74F 10% Vcc 
2.0 
10H = -15mA 


74F5% 
Vcc 
2.7 
10H = -3 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.55 
V 
Min 
10L = 48 mA 


Voltage 
74F 10% Vcc 
0.55 
10L = 64 mA 


IIH 
Input HIGH 
54F 
20.0 
)J.A 
VIN = 2.7V 


Current 
74F 
5.0 
Max 


IBVI 
Input HIGH Current 
54F 
100 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 
)J.A 
Max 


ICEX 
Output 
HIGH 
54F 
250 
VOUT = Vcc 


Leakage 
Current 
74F 
50 
)J.A 
Max 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9)J.A 


Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
)J.A 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-1.2 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-100 
-225 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
3.7 
6.0 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
28.0 
33.0 
mA 
Max 
Vo = LOW 


74F 
54F 
74F 


TA = +25'C 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
Units 


CL = 50 pF 
CL = 50pF 
CL = 50 pF 
No. 


Mln 
Typ 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
2.0 
3.2 
5.5 
1.5 
6.5 


tpHL 
An. BntoOn 
1.5 
2.4 
4.5 
1.0 
5.0 
ns 
2-3 


~National 
~ 
semiconductor 


54F/74F38 
Quad Two-Input NAND Buffer 
(Open Collector) 


General Description 


This device 
contains 
four independent 
gates. each of which 
performs 
the logic NAND 
function. 
The open-collector 
out- 
puts require 
external 
pull-up 
resistors 
for proper 
logical 
op- 
eration. 


Ordering Code: 
See Section 
5 


Logic Symbol 


IEEE/IEC 
Pin Assignment 
Pin Assignment 


Ao 
a:t> 
for DIP, SOIC and Flatpak 
forLCC 


80 
°0 
8, NC A, NC 00 
1 
14 
A, 
Ao 
Vcc 
[I][IJ IIIrn !II 
0, 
2 
13 
8, 
80 
A2 


°0 
3 
12 
01 [IJ 
[Il80 
A2 
82 


°2 
A, 
4 
11 
°2 
GNDIIQJ 
[IJAo 
82 
5 
10 
NC IJ] 
mNC 
A3 
8, 
A3 
°3ll1l 
GGVcc 
°3 
0, 
6 
9 
83 
83 
83~ 
lI2IA2 
GND 
7 
8 
°3 
TLiF/9465-3 


TL/F/9465-1 
l13I[j]JlrnlUllrn 


A3NC02NC~ 


TLiF/9465-2 


54F174F 


Pin Names 
Description 
U.L. 
Input 
IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


An. Bn 
Inputs 
1.012.0 
20 JJ-Al-1.2 
mA 


On 
Outputs 
OC' / 106.6 (80) 
OC' /64 mA (48 mAl 


Inputs 
Output 


A 
B 
0 
l 
l 
H 
l 
H 
H 
H 
l 
H 
H 
H 
l 


H ~ HIGH Voltage Level 


L ~ LOW Voltage Level 
• 


- 
~ree Air AmOlent 
I emperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55"C to + 125"C 
Storage 
Temperature 
- 65"C to + 150"C 
Commercial 
O"Cto 
+70"C 


Ambient 
Temperature 
under Bias 
- 55"C to + 125"C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
- 55"C to + 175"C 
Military 
+4.5Vto 
+5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+4.5Vto 
+5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5Vto 
Vcc 


TRI-STATE@Output 
- 0.5V to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated IOL (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.55 
V 
Min 
IOL = 48 mA 


Voltage 
74F 10% Vcc 
0.55 
IOL = 64 mA 


IIH 
Input HIGH 
54F 
20.0 
/-LA 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


ISVI 
Input HIGH Current 
54F 
100 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 
/-LA 
Max 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.9/-LA 


Test 
All Other Pins Grounded 


laD 
Output 
Leakage 
74F 
3.75 
/-LA 
0.0 
VIaD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-1.2 
mA 
Max 
VIN = 0.5V 


IOHC 
Open Collector, 
Output 
250 
/-LA 
Min 
VOUT = Vcc 
OFF Leakage 
Test 


ICCH 
Power Supply Current 
2.1 
7.0 
mA 
Max 
Va = HIGH 


ICCL 
Power Supply Current 
26.0 
30.0 
mA 
Max 
Va = LOW 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
54F 
74F 
~ 


TA = +25°C 
TA. Vcc = Mil 
TA,VCC 
= Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
CL = 50 pF 
CL = 50pF 
Units 
No. 
CL = 50 pF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
6.5 
9.7 
12.5 
6.5 
14.5 
6.5 
13.0 
2-3 
tpHL 
An. Sn to On 
1.0 
2.1 
5.0 
1.0 
5.5 
1.0 
5.5 
ns 


~National 
~ 
semiconductor 


54F/74F40 
Dual4-lnput 
NAND Buffer 


General Description 


This device 
contains 
two independent 
gates. each of which 
performs 
the logic NAND function. 


Pin Assignment 
Pin Assignment 
IEEE/IEC 
for DIP, SOIC and Flatpak 
for LCC 


old> 
"0' 
14 Vcc 


Do NC Co NC He 
"0 
00 [I][[] [[][i] 


80 2 
13A, 
80 
°0 
NC 3 
1281 
00 rn 
rn80 
Co 
Co 4 
l' 
NC 
GNo I!QI 
[IJ"o 


Do 
Do 5 
lOCI 
NC IIi! 
[j]NC 


°0 
6 
0, 
0,1rn 
@I VCC 
0,1rn 
!!IDA, 
A, 
GNo 
7 
°1 


8, 
lHI[IDrrnl!ZlllE 
0, 
TL/F/9466-1 
C, NC He He 81 
C, 
TLIF/9466-2 


0, 


54F174F 


Pin Names 
Description 
U.L. 
Input IIHIIIL 
HIGH/LOW 
Output 
IOH"OL 


An. Bn• en. Dn 
Inputs 
1.012.0 
20 p.A/-1.2 
mA 


On 
Outputs 
600/106.6 
(80) 
-12 
mA/64 
mA (48 mAl 


Inputs 
Output 


A 
B 
C 
D 
0 


L 
X 
X 
X 
H 


X 
L 
X 
X 
H 


X 
X 
L 
X 
H 


X 
X 
X 
L 
H 
H 
H 
H 
H 
L 


H ~ 
HIGH Voltage Leve' 


L ~ 
LOW Voltage Level 


X = Immaterial 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+ 4.5V to + 5.5V 


VCC Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-O.5VtoVcc 


TRI-STATE«> Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.4 
10H = -3mA 


Voltage 
54F 10% Vcc 
2.0 
10H = -12 
mA 


74F 10% Vcc 
2.4 
V 
Min 
10H = -3mA 


74F 10% Vcc 
2.0 
10H = -15mA 


74F5% 
Vcc 
2.7 
10H = -3mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.55 
V 
Min 
10L = 48 mA 


Voltage 
74F 10% Vcc 
0.55 
10L = 64 mA 


IIH 
Input HIGH 
54F 
20.0 
VIN = 2.7V 


Current 
74F 
5.0 
/-LA 
Max 


IBVI 
Input HIGH Current 
54F 
100 
/-LA 
V\N = 7.0V 


Breakdown 
Test 
74F 
7.0 
Max 


ICEX 
Output 
High 
54F 
250 
VOUT = Vcc 


Leakage 
Current 
74F 
50 
/-LA 
Max 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 
1.9/-LA 


Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
/-LA 
0.0 
V\OO = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-1.2 
mA 
Max 
VIN = 0.5V 


10S 
Output Short-Circuit 
Current 
-100 
-225 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
1.6 
4.0 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
13.0 
17.0 
mA 
Max 
Vo = LOW 


74F 
54F 
74F 


TA = +25'C 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
Units 


CL = 50 pF 
CL = 50pF 
CL = 50pF 
No. 


M!n 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
2.0 
3.0 
6.0 
1.5 
7.0 
2-3 
tpHL 
An. Bn, Cn• Dn to On 
1.5 
2.5 
5.0 
1.0 
5.5 
ns 


~National 
~ 
semiconductor 


54F/74F51 
2-2-2-3 AND-OR-Invert 
Gate 


General Description 


This device 
contains 
two independent 
logic units, one per- 
forming 
a 2-2 AND-OR-INVERT 
and the other 
performing 
a 
3-3 AND-OR-INVERT 
function. 


Ordering Code: 
See Section 
5 


Logic Symbol 


Pin Assignment 
for DIP, SOIC and Flatpak 
IEEE/IEC 


Ao 
~1 
& 
80 


Co 


Do 
& 
Eo 


Fo 


~1 
A, 
& 


8, 


C, 
& 


D, 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


An. Bn.Cn• Dn• En. Fn 
Inputs 
1.0/1.0 
20 I'-Al-0.6 mA 


On 
Outputs 
50/33.3 
-1 
mA/20mA 


Inputs 
Output 


AO 
BO 
Co 
Do 
Eo 
FO 
00 


H 
H 
H 
X 
X 
X 
L 


X 
X 
X 
H 
H 
H 
L 


All other combinations 
H 


H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = 
Immaterial 


Pin Assignment 
for LCC 


0, NC C, NC 8, 
[ID[IJ[IJ[[Jm 


0, lID 


GNo IIQ) 


NC [j] 
Oo~ 


Do II] 


1HJ1iID1rn1ilJ1iID 
Eo NC Fo NC Bu 


mA, 
mAo 
[TINC 


~VCC 
ij]]Co 


Inputs 
Output 


A1 
B1 
C1 
D1 
01 


H 
H 
X 
X 
L 


X 
X 
H 
H 
L 


All other combinations 
H • 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+4.5Vto 
+5.5V 


VCC Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 
TRI-STATE@Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


S~mbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
JJ-A 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


ISVI 
Input HIGH Current 
54F 
100 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 
JJ-A 
Max 


ICEX 
Output 
HIGH 
54F 


. 


250 
i 


Leakage 
Current 
74F 
50 
JJ-A 
Max 
Your 
= Vcc 


VID 
Input Leakage 
r 
110= 1.9JJ-A 
74F 
4.75 
V 
0.0 
Test 
All other pins grounded 


100 
Output 
Leakage 
74F 
3.75 
IJ-A 
0.0 
VIOD = 150mV 


Circuit Current 
All other pins grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
Your 
= OV 
I 


ICCH 
Power Supply Current 
1.9 
3.0 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
5.3 
8.5 
mA 
Max 
Vo = LOW 


74F 
S4F 
74F 


TA = +2S'C 
TA. VCC = Mil 
TA. VCC = Comm 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
CL = SOpF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
2.0 
3.7 
6.0 
1.5 
6.5 
2-3 
An. Bn, Cn• On. En. Fn to On 
1.0 
4.5 
ns 
tpHL 
1.0 
2.6 
4.0 


• 


54F/74F64 
4-2-3-2-lnput AND-OR-Invert 
Gate 


General Description 


This device 
contains 
gates 
configured 
to perform 
a 4-2-3-2 
input AND-OR-INVERT 
function. 


Pin Assignment 
for 
DIP, SOIC and Flatpak 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


An. Bn, Cn• On 
Inputs 
1.0/1.0 
20 I'-Al- 
0.6 mA 
0 
Output 
50/33.3 
-1 
mA/20 
mA 


Pin Assignment 
for LCC 


8, NC A, NC ~ 
[I]lIll]]rnrn 


C, [II 


GND [j]] 


NC [j] 


OI!lJ 


83~ 


[j]]1rn[j]II2JJrn 


A3 NC Do HC Co 


mAZ 
rnAo 


OJ HC 


@I Vcc 
D]] 80 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 


in HIGH State 
(with Vcc = OV) 


Standard 
Output 
-0.5Vto 
Vcc 


TRI-STATE@Output 
-O.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10l (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


Vil 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 5% Vcc 
2.7 
JOH = -1 
mA 


Val 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10l = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10l = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
fLA 
VIN = 2.7V 


Current 
74F 
5.0 
Max 


IBVI 
Input HIGH Current 
54F 
100 
fLA 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 
Max 


ICEX 
Output 
High 
54F 
250 
fLA 
VOUT = Vcc 


Leakage 
Current 
74F 
50 
Max 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.9 fLA 
Test 
All Other Pins Grounded 


laD 
Output 
Leakage 
74F 
3.75 
fLA 
0.0 
VIaD = 150mV 
Circuit Current 
All Other Pins Grounded 


III 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
1.9 
2.8 
mA 
Max 
Va = HIGH 


ICCl 
Power Supply Current 
3.1 
4.7 
mA 
Max 
Va = LOW 
• 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S"C 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Units 


CL = SOpF 
CL = SOpF 
CL = SO pF 
No. 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
2.5 
4.6 
6.5 
2.5 
8.5 
2.5 
7.5 
2-3 
tpHL 
An, Bn, Cn• On to 0 
1.5 
3.2 
4.5 
1.5 
6.5 
1.5 
5.5 
ns 


~National 
~ 
semiconductor 


54F/74F74 
Dual D-Type Positive Edge-Triggered 
Flip-Flop 


General Description 


The 'F74 is a dual D-type flip-flop 
with Direct Clear and Set 


inputs and complementary 
(0, OJ outputs. 
Information 
at the 


input 
is transferred 
to the outputs 
on the 
positive 
edge 
of 
the clock 
pulse. Clock triggering 
occurs 
at a voltage 
level of 
the clock 
pulse 
and is not directly 
related 
to the transition 
time of the positive-going 
pulse. After the Clock 
Pulse input 
threshold 
voltage 
has been passed, 
the Data input is locked 
out and 
information 
present 
will 
not be transferred 
to the 
outputs 
until the next rising edge of the Clock 
Pulse input. 


Asynchronous 
Inputs: 


LOW input to So sets 0 to HIGH level 
LOW input to CD sets 0 to LOW level 
Clear and Set are independent 
of clock 
Simultaneous 
LOW on CD and So 
makes 
both 0 and 0 HIGH 


Features 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


Ordering Code: 
See Section 
5 


Logic Symbols 


Pin Assignment 
for DIP, SOIC, and Flat~k 


Pin Assignment 
for LCC 


01 NC Sol NC CP1 
[ID[I][§]@]11J 


°1[]] 


GNO@ 


NC!TIJ 


°21IlJ 
°2 [j]] 


mOl 
[I]C01 
OJ NC 
@I Vcc 
ij]]C02 


I]] 
II§JI!§] 1!1lij]) 


So2 NC CP2 NC D:z • 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 


HIGH/LOW 
Output 
IOH/IOL 


D1. D2 
Data Inputs 
1.011.0 
20 I'-Al-0.6 
mA 


CP1. CP2 
Clock Pulse Inputs (Active 
Rising Edge) 
1.011.0 
20 I'-Al-0.6 
mA 


C01,C02 
Direct Clear Inputs (Active 
LOW) 
1.0/3.0 
20 I'-Al-1.8 
mA 


S01, S02 
Direct Set Inputs (Active 
LOW) 
1.0/3.0 
20 I'-Al- 
1.8 mA 
01. 01. 02. 02 
Outputs 
50/33.3 
-1 
mA/20mA 


Inputs 
Outputs 


So 
CD 
CP 
D 
Q 
Q 


L 
H 
X 
X 
H 
L 


H 
L 
X 
X 
L 
H 


L 
L 
X 
X 
H 
H 


H 
H 
---' 
h 
H 
L 


H 
H 
---' 
I 
L 
H 


H 
H 
L 
X 
00 
00 


H (h) ~ HIGH Voltage Level 


L (I) ~ LOW Voltage Level 


X = Immaterial 


Qo ~ 
Previous Q (0) before LOW-to-HIGH 
Clock Transition 


Lower case letters indicate the state of the referenced input or output one 


setup time prior to the LOW~to·HIGH clock transition. 


TL/F/9469-5 


Please 
note that this diagram is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
-65·C 
to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55·C to + 175·C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5Vto 
Vcc 
TRI-STATE<8>Output 
- 0.5V to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10l (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not 
implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


Vil 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10l = 20mA 
Voltage 
74F 10% Vcc 
0.5 
10l = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
,...A 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
,...A 
Max 
Breakdown 
Test 
74F 
7.0 
VIN = 7.0V 


ICEX 
Output 
HIGH 
54F 
250 
,...A 
Max 
VOUT = Vcc 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9,...A 


Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
,...A 
0.0 
VIOO = 150 mV 
Circuit Current 
All Other Pins Grounded 


III 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


-1.8 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


Icc 
Power Supply Current 
10.5 
16.0 
mA 
Max 
• 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
54F 
74F 


TA = +25°C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
CL = 50pF 
CL = 50 pF 
Units 
No. 


CL = 50pF 


Mln 
Typ 
Max 
Min 
Max 
Min 
Max 


fmax 
Maximum 
Clock Frequency 
100 
125 
50 
100 
MHz 
2-1 


tpLH 
Propagation 
Delay 
3.8 
5.3 
6.8 
3.8 
8.5 
3.8 
7.8 
2-3 
tpHL 
CPn to an or an 
4.4 
6.2 
8.0 
4.4 
105 
4.4 
9.2 
ns 


tpLH 
Propagation 
Delay 
3.2 
4.6 
6.1 
3.2 
8.0 
3.2 
7.1 
2-3 
tpHL 
COn or SOn to an or an 
3.5 
7.0 
9.0 
3.5 
11.5 
3.5 
10.5 
ns 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
54F 
74F 


Symbol 
Parameter 
TA = +25°C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc 
= +S.OV 
No. 


Mln 
Max 
Min 
Max 
Mln 
Max 


ts(H) 
Setup Time, HIGH or LOW 
2.0 
3.0 
2.0 


ts(L) 
Dn to CPn 
3.0 
4.0 
3.0 
2-6 
ns 
th(H) 
Hold Time, HIGH or LOW 
1.0 
2.0 
1.0 


th(L) 
DntoCPn 
1.0 
2.0 
1.0 


tw(H) 
. CPn Pulse Width 
4.0 
4.0 
4.0 
2-4 


tw(L) 
HIGH or LOW 
5.0 
6.0 
5.0 
ns 


twILl 
COn or SOn Pulse Width 
4.0 
4.0 
4.0 
ns 
2-4 
LOW 


tree 
Recovery 
Time 
2.0 
3.0 
2.0 
ns 
2-6 
COn or SOn to CP 
. 


54F/74F86 
2-lnput Exclusive-OR Gate 


General Description 


This device 
contains 
four independent 
gates. each of which 
performs 
the logic exclusive-OR 
function. 


IEEE/IEC 
Pin Assignment 
for 
Pin Assignment 
DIP, SOIC and Flatpak 
forlCC 
Ao 
~1 
°0 
81 He Al He 00 
80 
Ao 
,. 
Vcc 
rn!1J@l]]lIJ 


Al 
80 
13 
A2 
°1 
81 
°0 
12 
82 
°100 
[II80 
A2 
A, 
11 
°2 
GHDI!QI 
IlJAo 


82 
°2 
10 
HC ITIJ 
[I]HC 
8, 
A3 
°31ll1 
gg Vcc 
A3 
9 
°3 
0, 
83 
83 [j] 
[IDA2 
83 
GHD 
8 
°3 
TUF/9470-3 
l!3l1!ID[ID1IZJ[ID 
Tl/F/9470-2 
A3 He ~ 
He ~ 


Tl/F/9470-1 


54F/74F 


Pin Names 
Description 
U.l. 
Input IIH/IIL 
HIGH/lOW 
Output 
IOH/IOL 


An. Sn 
Inputs 
1.0/1.0 
20 IJoAl-0.6 
mA 


On 
Outputs 
50/33.3 
-1 
mAl20mA 


• 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
-55'C 
to + 175'C 
Military 
+ 4.5V to + 5.5V 


VCC Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 


TRI-STATE@ 
Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 


in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not implied. 


Nole 
2: Either 
I/oltage 
limit or current 
limit is sufficient 
to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
Max 
VIN = 2.7V 
Current 
74F 
5.0 
I-'A 


IBVI 
Input HIGH Current 
54F 
100 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 
I-'A 
Max 


ICEX 
Output 
HIGH 
54F 
250 


Leakage 
Current 
74F 
50 
I-'A 
Max 
VOUT = Vcc 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.91-'A 
Test 
All other pins grounded 


100 
Output 
Leakage 
74F 
3.75 
I-'A 
0.0 
VIOO = 150 mV 
Circuit Current 
All other pins grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
12 
18 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
18 
28 
mA 
Max 
Vo = LOW 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
54F 
74F 


TA = +25°C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 


Symbol 
Parameter 
Vcc = +5.0V 
CL = 50pF 
CL = 50 pF 
Units 
No. 
CL = 50pF 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
3.0 
4.0 
5.5 
2.5 
7.0 
3.0 
6.5 


tpHL 
An. Bn to On 
3.0 
4.2 
5.5 
3.0 
7.0 
3.0 
6.5 
ns 
2-3 


(Other Input LOW) 


tpLH 
Propagation 
Delay 
3.5 
5.3 
7.0 
3.5 
8.5 
3.5 
8.0 


tpHL 
An. Bn to On 
3.0 
4.7 
6.5 
3.0 
8.0 
3.0 
7.5 
ns 
2-3 


(Other 
Input HIGH) 


~National 
~ 
semiconductor 


54F/74F109 
Dual JK Positive Edge-Triggered 
Flip-Flop 


General Description 


The 'FlOg consists 
of two high-speed, 
completely 
indepen- 
dent transition 
clocked 
JK flip-flops. 
The clocking 
operation 
is independent 
of rise and fall times of the clock 
waveform. 


The JK design allows operation 
as a 0 flip-flop 
(refer to 'F74 
data sheet) 
by connecting 
the J and K inputs. 


Asynchronous 
Inputs: 


LOW input to So sets Q to HIGH level 
LOW input to CD sets Q to LOW level 
Clear and Set are independent 
of clock 


Simultaneous 
LOW on CD and So makes 
both Q and Q 
HIGH 


Features 


• 
Guaranteed 
4000V 
minimum 
ESD protection. 


Ordering Code: 
See Section 
5 


Logic Symbols 


Pin Assignment 
Pin Assignment 
for DIP, SOIC and Flatpak 
forlCC 


16 Vcc 


01 Sol NC CP1 K1 


J1 
SOl 
01 
Col 
~][1J[§] [IIrn 


J1 
coz 
15 Coz 


CP1 
K1 
Jz 
14 Jz 
o,m 
rnJ1 


CPl 
Kz 
13 - 
GNDIIQJ 
[IlC01 
Kz 


SOl 
CPz 
12 CPz 
HC II]] 
mHC 


0, 
Soz 
11 Soz 
Ozl!ll 
~VCC 


°z~ 
ij]] Coz 
TL/F/9471-3 
01 
o~z 
100z 
9 
GHD 
OZ 
~~1!])1Ill1!ID 
SozCPz NC Kz .Iz 
TLIF/9471-1 
TL/F/9471-2 


54F/74F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


J1.hK1.K2 
Data Inputs 
1.0/1.0 
20 IJ-A/-0.6 
mA 


CP1. CP2 
Clock Pulse Inputs (Active 
Rising Edge) 
1.0/1.0 
20 IJ-A/-0.6 
mA 


C01• CO2 
Direct Clear Inputs (Active 
LOW) 
1.013.0 
20 IJ-A/-1.8 
mA 


501.502 
Direct Set Inputs (Active 
LOW) 
1.0/3.0 
20 IJ-A/-1.8 
mA 


01.02.01.02 
Outputs 
50/33.3 
-1 
mA/20mA 


Inputs 
Outputs 


So 
CO 
CP 
J 
K 
Q 
Q 


L 
H 
X 
X 
X 
H 
L 


H 
L 
X 
X 
X 
L 
H 


L 
L 
X 
X 
X 
H 
H 


H 
H 
-./' 
I 
I 
L 
H 


H 
H 
-./' 
h 
I 
Toggle 
H 
H 
-./' 
I 
h 
00 
00 
H 
H 
-./' 
h 
h 
H 
L 
H 
H 
L 
X 
X 
00 
00 


H (h) ~ HIGH Voltage Level 
L (I) ~ 
LOW Voltage Level 


-" 
~ 
LOW-ta-HIGH 
Transition 


X = Immaterial 
00 (00) 
~ Sefore LOW-to-HIGH 
Transition 
of Clock 
Lower case letters indicate the state of the referenced 
output one setup time 
prior to the LOW·to-HIGH 
clock transition. 


TLIF/9471-5 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays . • 


Ambient 
Temperature 
under Bias 


Junction 
Temperature 
under Bias 


Vcc 
Pin Potential 
to 
Ground 
Pin 


Input Voltage 
(Note 2) 


Input Current 
(Note 2) 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc 
= OV) 
Standard 
Output 
TRI-STATEI!> Output 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current 
limit is sufficient to protect 
inputs. 


- 55°C to + 125°C 


-55°C 
to + 175°C 
Supply 
Voltage 
Military 
Commercial 


+ 4.5V to + 5.5V 
+ 4.5V to + 5.5V 


-0.5V 
to + 7.0V 


-0.5V 
to + 7.0V 


-30 
mA to + 5.0 mA 


-0.5VtoVcC 


-0.5V 
to + 5.5V 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
/-LA 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
/-LA 
Max 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
/-LA 
Max 
VOUT = Vcc 


Leakage 
Current 
74F 
50 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.9/-LA 
Test 
All Other Pins Grounded 


10D 
Output 
Leakage 
74F 
3.75 
/-LA 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V (In, Kn) 


-1.8 
mA 
Max 
VIN = 0.5V (CDn, SDn) 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


Icc 
Power Supply Current 
11.7 
17.0 
mA 
Max 
CP = OV 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Cl = SOpF 
Cl = SOpF 
Units 
No. 
Cl = SOpF 


Min 
Typ 
Max 
Mln 
Max 
Mln 
Max 


fmax 
Maximum 
Clock Frequency 
100 
125 
50 
90 
MHz 
2-1 


tpLH 
Propagation 
Delay 
3.8 
5.3 
7.0 
3.8 
9.0 
3.8 
8.0 
2-3 
ns 
tpHL 
CPn to Qn or an 
4.4 
6.2 
8.0 
4.4 
10.5 
4.4 
9.2 


tpLH 
Propagation 
Delay 
3.2 
5.2 
7.0 
3.2 
9.0 
3.2 
8.0 
tpHL 
CDnorSDnto 
9.0 
3.5 
11.5 
3.5 
10.5 
ns 
2-3 


Qnoran 
3.5 
7.0 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Mln 
Max 
Min 
Max 
Min 
Max 


ts(H) 
Setup Time, HIGH or LOW 
3.0 
3.0 
3.0 


ts(L) 
In or Kn to CPn 
3.0 
5.0 
3.0 
2-6 
ns 
th(H) 
Hold Time, HIGH or LOW 
1.0 
1.0 
1.0 


th(L) 
In or Kn to CPn 
1.0 
1.0 
1.0 


tw(H) 
CPn Pulse Width 
4.0 
4.0 
4.0 


tw(L) 
HIGH or LOW 
5.0 
5.0 
5.0 
ns 
2-4 


tw(L) 
CDn or SDn Pulse Width, 
4.0 
4.0 
4.0 
2-4 
LOW 
ns 


tree 
Recovery 
Time 
2.0 
2.0 
2.0 
2-6 
CDn or SDn to CP 
ns 


~National 
~ 
semiconductor 


54F/74F112 
Dual JK Negative Edge-Triggered 
Flip-Flop 


General Description 


The 
'F112 
contains 
two 
independent, 
high-speed 
JK flip- 
flops 
with 
Direct 
Set and Clear 
inputs. 
Synchronous 
state 
changes 
are initiated 
by the falling 
edge of the clock. 
Trig- 
gering 
occurs 
at a voltage 
level of the clock 
and is not di- 
rectly 
related 
to the transition 
time. The J and K inputs 
can 
change 
when 
the clock 
is in either 
state 
without 
affecting 
the flip-flop, 
provided 
that they are in the desired 
state dur- 
ing the recommended 
setup 
and hold times 
relative 
to the 
falling 
edge 
of the clock. 
A LOW 
signal 
on So or Co pre- 
vents clocking 
and forces 
Q or Q HIGH, respectively. 
Simul- 
taneous 
LOW 
signals 
on So and Co force 
both 
Q and Q 
HIGH. 


Ordering Code: 
See Section 
5 


Logic Symbols 


Asynchronous 
Inputs: 


LOW input to So sets Q to HIGH level 
LOW input to Co sets Q to LOW level 
Clear and Set are independent 
of clock 
Simultaneous 
LOW on Co and So makes 
both Q 
and Q HIGH 


Pin Assignment 
for DiP, SOIC and Fiatpak 


Pin Assignment 
for LCC 


01 01 NC Sol J, 
[[Jml}Jrn(IJ 


Ozl1J 


GND I@] 


NC IT] 


OzlJ1] 


Soz [j]] 


[IJ K, 
[II CP, 


OJ NC 


GGVcc 
ff2I COl 


f8J~ij]JfflJ~ 
~ 
~ 
NC CPz Coo 


54F174F 


Pin Names 
Description 
U.L. 
Input IIHIIIL 


HIGH/LOW 
Output 
IOH/IOL 


J1.h 
K1.K2 
Data Inputs 
1.0/1.0 
20 p.A/ - 0.6 mA 
CP1•CP2 
Clock Pulse Inputs (Active 
Falling Edge) 
1.0/4.0 
20 p.A/- 
2.4 mA 


C01.C02 
Direct Clear Inputs (Active 
LOW) 
1.0/5.0 
20 p.A/ - 3.0 mA 


501. S02 
Direct Set Inputs (Active 
LOW) 
1.0/5.0 
20 p.A/ - 3.0 mA 


01.02.01.02 
Outputs 
50/33.3 
-1 
mA/20mA 


Inputs 
Outputs 


So 
CD 
CP 
J 
K 
Q 
Q 


L 
H 
X 
X 
X 
H 
L 


H 
L 
X 
X 
X 
L 
H 


L 
L 
X 
X 
X 
H 
H 


H 
H 
"-- 
h 
h 
00 
00 
H 
H 
"-- 
I 
h 
L 
H 


H 
H 
"-- 
h 
I 
H 
L 


H 
H 
"-- 
I 
I 
00 
00 


H(h) ~ HIGH Voltage Level 
L(I) ~ LOW Voltage Level 
X = Immaterial 
'- 
~ 
HIGH-Io-LOW 
Clock Trans~ion 
00(00) 
~ Before HIGH-lo-LOW 
Transition of Clock 


Lower 
case 
letters 
indicate 
the state of the referenced 
input or output one 
setup time prior to the HIGH-la-LOW 
clock transition. 


TLIF/9472-5 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


uTTlce/ U,StrlDU1Drs 
TDr avallaDlIllY 
ana 
speClTIcatlons. 


_.-~- - 


Military 
-55·C 
to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+700C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55·C to + 175·C 
Military 
+ 4.5V to + 5.5V 


VCC Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5Vto 
Vcc 
TRI-STATE@Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated IOL (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged 
or have its useful life impaired. 
Functional 
operation 
under 
these conditions 
is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
o.a 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
r 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
".A 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


lavi 
Input HIGH Current 
54F 
100 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 
".A 
Max 


ICEX 
Output 
HIGH 
54F 
250 
VOUT = Vcc 
Leakage 
Current 
74F 
50 
".A 
Max 
~ 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9".A 
Test 
All other pins grounded 


100 
Output 
Leakage 
74F 
3.75 
".A 
0.0 
VIOO = 150 mV 
Circuit Current 
All other pins grounded 


IlL 
Input LOW Current 
-0.6 
VIN = 0.5V (In. Kn) 


-2.4 
mA 
Max 
VIN = 0.5V (CPn) 


-3.0 
VIN = 0.5V (COn. SOn) 


10S 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
12 
19 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
12 
19 
mA 
Max 
Vo = LOW 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and load 
Configurations 


74F 
S4F 
74F 


TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SO pF 
Units 
No. 
CL = SOpF 


Min 
Typ 
Max 
Mln 
Max 
Min 
Max 


fmax 
Maximum 
Clock Frequency 
85 
105 
80 
MHz 
2-1 


tpLH 
Propagation 
Delay 
2.0 
5.0 
6.5 
2.0 
7.5 
2-3 
CPn to an or an 
2.0 
5.0 
6.5 
2.0 
7.5 
ns 
tpHL 


tpLH 
Propagation 
Delay 
2.0 
4.5 
6.5 
2.0 
7.5 
2-3 
COn, SOn to an, an 
2.0 
4.5 
6.5 
2.0 
7.5 
ns 
tpHL 


AC Operating 
Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 
Vcc= 
+S.OV 
No. 


Mln 
Max 
Mln 
Max 
Mln 
Max 


ts(H) 
Setup Time, HIGH or lOW 
4.0 
5.0 
ts(l) 
In or Kn to CPn 
3.0 
3.5 
ns 
2-6 
th(H) 
Hold Time, HIGH or lOW 
0 
0 
th(l) 
In or Kn to CPn 
0 
0 


tw(H) 
CP Pulse Width 
4.5 
5.0 


twILl 
HIGH or lOW 
4.5 
5.0 
ns 
2-4 


twILl 
Pulse Width, 
lOW 
4.5 
5.0 
2-4 
COn orSOn 
ns 


tree 
Recovery 
Time 
4.0 
5.0 
2-6 
SOn, COn to CP 
ns 


, 
•.. 


• 


~National 
~ 
semiconductor 


54F/74F113 
Dual JK Negative Edge-Triggered 
Flip-Flop 


General Description 


The 'F113 offers 
individual 
J. K. Set and Clock inputs. When 
the clock 
goes 
HIGH the inputs 
are enabled 
and data may 
be entered. 
The 
logic 
level 
of the J and 
K inputs 
may be 
changed 
when the clock 
pulse is HIGH and the flip-flop 
will 
perform 
according 
to the Truth 
Table 
as long as minimum 
setup and hold times are observed. 
Input data is transferred 
to the outputs 
on the falling 
edge of the clock 
pulse. 


Asynchronous 
input: 


LOW input to So sets 0 to HIGH level 
Set is independent 
of clock 


Pin Assignment 
for 
DIP, SOIC and Flatpak 


SOl 


°1 
J, 
CPI 
°1 
K, 


S02 
°2 
J2 
CP2 
°2 
K2 


TL/F/9473-6 


SOl 
J2 
S02 
J1 
°1 
°2 


CP, 
CP2 


K1 
0, 
K2 
°2 


TL/F/9473-3 
TL/F/9473-4 


54F/74F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


Jl. J2. Kl. K2 
Data Inputs 
1.0/1.0 
20 ,..AI-O.S 
mA 


CPl. CP2 
Clock Pulse Inputs (Acitve 
Falling Edge) 
1.0/4.0 
20 ,..AI - 2.4 mA 


501.502 
Direct Set Inputs (Active 
LOW) 
1.0/5.0 
20 ,..AI-3.0 
mA 


01.02.01.02 
Outputs 
50/33.3 
-1 
mA/20 
mA 


Pin Assignment 
for LCC 


0, He SolHe J1 
00 [I]1Il rnrn 


°lm 


GND I!m 
NC (j] 


°2@ 
°21rn 


1B1jj])fj]][Z]fj]] 
So7He~He~ 


rnK1 
rnCPI 
mNC 
@IVcc 
fj]]CP2 


Inputs 
Outputs 


SO 
CP 
J 
K 
Q 
Q 


L 
X 
X 
X 
H 
L 


H 
"- 
h 
h 
00 
00 
H 
"- 
I 
h 
L 
H 


H 
"- 
h 
I 
H 
L 
H 
"- 
I 
I 
00 
00 


H(h) ~ 
HIGH Voltage Level 
L(I) - 
LOW Voltage level 
""'- = HIGH-to-LOW 
Clock Transilion 


X = Immaterial 
Qo (00) 
- 
Before HIGH-Io-LOW 
Transition 
of 
Clock 


Lower case letters indicate the state of the referenced 
input or output prior 
to the HIGH-to-LOW clock transition. 


TL/F/9473-5 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays . 


• 


Office/Distributors 
for avallaDlilty 
ano speClTIc""um •. 
Military 
- 
ooVL, 
10 
;- 
I ~O' v 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
- 55·C to + 175·C 
Military 
+ 4.5V to + 5.5V 


Vee Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vee = OV) 
Standard 
Output 
-0.5VtoVee 
TRI-STATE@Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
" 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VeD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vee 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vee 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
Vee 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vee 
0.5 
V 
Min 
10L = 20 mA 
Voltage 
74F 10% Vee 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
IJ-A 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
IJ-A 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


leEX 
Output HIGH 
54F 
250 
IJ-A 
Max 
VOUT = Vee 
Leakage 
Current 
74F 
50 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.91J-A 
Test 
All Other Pins Grounded 


iOD 
Output 
Leakage 
74F 
3.75 
IJ-A 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
VIN = 0.5V (In, Kn) 
-2.4 
mA 
Max 
VIN = 0.5V (CPn) 
-3.0 
VIN = 0.5V (SDn) 


10ZH 
Output 
Leakage 
Current 
50 
IJ-A 
Max 
VOUT = 2.7V 


10ZL 
Output 
Leakage 
Current 
-50 
IJ-A 
Max 
VOUT = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


lee 
Power Supply Current 
12 
19 
mA 
Max 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and load 
Configurations 


74F 
S4F 
74F 


TA = +2S"C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Units 


CL = SOpF 
CL = SOpF 
CL = SO pF 
No. 


Min 
Typ 
Max 
Mln 
Max 
Mln 
Max 


fmax 
Maximum 
Clock Frequency 
85 
105 
80 
MHz 
2-1 


tpLH 
Propagation 
Delay 
2.0 
4.0 
6.0 
2.0 
7.0 
2-3 
tpHL 
CPn to On or On 
2.0 
4.0 
6.0 
2.0 
7.0 
ns 


tpLH 
Propagation 
Delay 
2.0 
4.5 
6.5 
2.0 
7.5 
2-3 
tpHL 
SOn to On or On 
2.0 
4.5 
6.5 
2.0 
7.5 
ns 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
54F 
74F 


Symbol 
Parameter 
TA = +2S"C 
TA. Vcc = Mil. 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +5.0V 
No. 


Min 
Max 
Min 
Max 
Min 
Max 


ts(H) 
Setup Time, HIGH or lOW 
4.0 
5.0 
ts(l) 
In or Kn to CPn 
3.0 
3.5 
ns 
2-6 
th(H) 
Hold Time, HIGH or lOW 
0 
0 
th(l) 
In or Kn to CPn 
0 
0 


tw(H) 
CPn Pulse Width 
4.5 
5.0 
tw(l) 
HIGH or lOW 
4.5 
5.0 
ns 
2-4 


tw(l) 
50n Pulse Width, 
lOW 
4.5 
5.0 
ns 
2-4 


tree 
SOn to CPn 
4.0 
5.0 
2-6 
Recovery 
Time 
ns 


~National 
~ 
semiconductor 


54F/74F114 
Dual JK Negative Edge-Triggered 
Flip-Flop 
with Common Clocks and Clears 


General Description 


The 'F114 
contains 
two high-speed 
JK flip-flops 
with com- 


mon 
Clock 
and 
Clear 
inputs. 
Synchronous 
state 
changes 
are initiated 
by the falling 
edge of the clock. 
Triggering 
oc- 


curs at a voltage 
level of the clock and is not directly 
related 
to the transition 
time. The J and K inputs 
can change 
when 
the clock 
is in either state without 
affecting 
the flip-flop, 
pro- 


vided 
that 
they 
are in the desired 
state 
during 
the recom- 
mended 
setup and hold times 
relative 
to the falling 
edge of 
the clock. 
A LOW signal on So or Co prevents 
clocking 
and 
forces 
Q or Q HIGH, 
respectively. 
Simultaneous 
LOW sig- 


nals on So and Co force 
both Q and Q HIGH. 


Asynchronous 
Inputs: 


LOW input to So sets Q to HIGH level 
LOW input to Co sets Q to LOW level 
Clear and Set are independent 
of Clock 
Simultaneous 
LOW on Co and So 
makes 
both Q and Q HIGH 


Ordering Code: 
See Section 
5 


Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 


eo' 
K 
2 


1 


J 
3 
1 


SDI 
• 
01 5 
0, 
6 


GNO 7 


Pin Assignment 
for LCC 


0, NC So,NC J, 
[]][l]!Il[[lm 


GN~:mJ°~-~~~~ 
NC[j] 
_ 
[DNC 


02~ 
.r. 
o~: 
~vcc 


02 Ii] 
[j]] CP 


~[j][i]]1!ZJ1IID 
SmNC.lzNCK, 


54F174F 


Pin Names 
Description 
U.L 
Input IIH/IIL 


HIGH/LOW 
Output 
IOH/IOL 


J1. J2. K1. K2 
Data Inputs 
1.0/1.0 
20 p.A/ - O.S mA 


CP 
Clock Pulse Input (Active 
Falling Edge) 
1.0/8.0 
20 p.A/-4.8 
mA 
Co 
Direct Clear Input (Active 
LOW) 
1.0/10.0 
20 p.A/-S.O 
mA 


S01. S02 
Direct Set Inputs (Active 
LOW) 
1.0/5.0 
20 p.A/-3.0 
mA 


01.02.01.02 
Outputs 
50/33.3 
-1 
mA/20mA 


Inputs 
Outputs 


So 
CD 
CP 
J 
K 
Q 
Q 


L 
H 
X 
X 
X 
H 
L 


H 
L 
X 
X 
X 
L 
H 


L 
L 
X 
X 
X 
H 
H 


H 
H 
'- 
h 
h 
00 
00 
H 
H 
'- 
I 
h 
L 
H 


H 
H 
'- 
h 
I 
H 
L 


H 
H 
'- 
I 
I 
00 
00 


H ~ HIGH Voltage Level 
L ~ 
LOW voltage 
Level 
X = Immaterial 
'- 
~ HIGH·to-LOW 
Clock Transition 
00 (50) 
- 
Before HIGH-to-LOW 
Transition of Clock 


Lower case letters indicate the state of the referenced 
input or output one setup time prior to the HIGH·to-LOW 
clock transition. 


TLiF/9474-4 


Please 
note that this diagram 
is provided 
only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays . • 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
-55°C 
to + 125°C 
Storage 
Temperature 
-65°C 
to + 150°C 
Commercial 
O°Cto 
+700C 


Ambient 
Temperature 
under Bias 
-55°C 
to + 125°C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
-55°C 
to + 175°C 
Military 
+ 4.5V to + 5.5V 


VCC Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 
TRI·STATE~ 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values 
beyond 
which the device 
may 
be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current 
limit is sufficient 
to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


Vco 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
,...A 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
,...A 
Max 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
High 
54F 
250 
,...A 
Max 
VOUT = Vcc 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9,...A 


Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
,...A 
0.0 
VIOO = 150mV 


Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
VIN = 0.5V (In. Kn) 


-3.0 
mA 
Max 
VIN = 0.5V (SOn) 


-8.0 
VIN = 0.5V (CP) 


-10.0 
VIN = 0.5V (COn) 


'OS 
Output Short·Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
12.0 
19.0 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
12.0 
19.0 
mA 
Max 
Vo = LOW 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and load 
Configurations 


74F 
S4F 
74F 


TA = +2S'C 
TA. Vcc = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = 50 pF 
Units 
No. 


CL = SOpF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


fmax 
Maximum 
Clock Frequency 
75 
95 
70 
MHz 
2-1 


tpLH 
Propagation 
Delay 
3.0 
5.0 
6.5 
3.0 
7.5 
2-3 
CPtoanoran 
3.0 
3.0 
8.5 
ns 
tpHL 
5.5 
7.5 


tpLH 
Propagation 
Delay 
3.0 
4.5 
6.5 
3.0 
7.5 
2-3 
COn or SOn to an or an 
3.0 
3.0 
7.5 
ns 
tpHL 
4.5 
6.5 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Mln 
Max 
Mln 
Max 
Min 
Max 


tslH) 
Setup Time, HIGH or lOW 
4.0 
5.0 


tsll) 
In or Kn to CP 
3.0 
3.5 
2-6 
ns 
thlH) 
Hold Time, HIGH or lOW 
0 
0 


thll) 
In or Kn to CP 
0 
~. 
0 
- 


twlH) 
CP Pulse Width 
4.5 
5.0 


twll) 
HIGH or lOW 
4.5 
5.0 
ns 
2-4 


'"-~. 
> 
. 


twll) 
COn or SOn Pulse Width, 
4.5 
5.0 
2-4 
lOW 
ns 


tree 
Recovery 
Time 
4.0 
5.0 
2-6 
SOn, COn, to CP 
ns 


~National 
~ 
semiconductor 


54F/74F125 
Quad Buffer (TRI-STATE®) 


Features 


• 
High impedance 
base inputs 
for reduced 
loading 


Pin Assignment 
Pin Assignment 
IEEE/IEC 
for DIP, SOIC and Flatpak 
forLCC 


Bo 
t>, 
B, He Al He 00 


Ao 
°0 
Ao 
Vcc 
1!J!Il[[]rnm 


B1 
Bo 
1.2 


1. 


1 
0, 
00 
B2 
°1[[J 
mBo 


A, 
°2 
GND IiQJ 
mAo 
B2 
°2 
1.3 
NC [j] 
mNC 
1.2 
B, 
°31rn 
@IVcc 


B3 
0, 
B3 
B3 Ii] 
I!ID1.2 
1.3 
°3 
GND 
°3 


TUF/9475-4 
1BJ1IIDI!ID1ilJ1rn 
Tl/F/9475-1 
1.3 He ~ 
He ~ 


TL/F/9475-2 


Ordering Code: See Section 
5 


Logic Symbol 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


An. Sn 
Inputs 
1.0/0.033 
20 p.A/ - 20 p.A 


On 
Outputs 
600/106.6 
(80) 
-12 
mA/64 
mA (48 mAl 


Inputs 
Output 


An 
Bn 
0 


L 
L 
L 
L 
H 
H 


H 
X 
Z 


H ~ High Voltage Level 
L ~ 
LOW Voltege Level 
Z = High Impedance 
X = Immaterial 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55·C to + 175·C 
Military 
+ 4.5V to + 5.5V 


VCC Pin Potential 
to 
Commercial 
+4.5Vto 
+5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 


Standard 
Output 
-0.5VtoVcc 
TRI-STATE 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Note 
2: Either 
voltage 
limit or current 
limit is sufficient 
to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VoH 
Output 
HIGH 
54F 10% Vcc 
2.4 
10H = -3 
mA 


Voltage 
54F 10% Vcc 
2.0 
IOH = -12mA 


74F 10% Vcc 
2.4 
V 
Min 
IOH = -3mA 


74F 10% Vcc 
2.0 
IOH = -12mA 


74F5% 
Vcc 
2.7 
IOH = -3 
mA 


74F5% 
Vcc 
2.0 
'OH = -15mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.55 
V 
Min 
IOL = 48mA 


Voltage 
74F 10% Vcc 
0.55 
IOL = 64 mA 


IIH 
Input HIGH Current 
20 
p.A 
Max 
VIN = 2.7V 


IBVI 
Input HIGH Current 
100 
p.A 
O.OV 
VIN = 7.0V 


Breakdown 
Test 


IlL 
Input LOW Current 
-20.0 
p.A 
Max 
VIN = 0.5V 


IOlH 
Output 
Leakage 
Current 
50 
p.A 
Max 
VoUT = 2.7V 


lOlL 
Output 
Leakage 
Current 
-50 
p.A 
Max 
VOUT = 0.5V 


los 
Output Short-Circuit 
Current 
-100 
-225 
mA 
Max 
VOUT = OV 


ICEX 
Output 
HIGH Leakage 
Current 
250 
p.A 
Max 
VOUT = Vcc 


III 
Buss Drainage 
Test 
500 
p.A 
O.OV 
VOUT = 5.25V 


ICCH 
Power Supply Current 
18.5 
24.0 
mA 
Max 
Va = HIGH 


'CCL 
Power Supply Current 
31.7 
40.0 
mA 
Max 
Va = LOW 


ICCl 
Power Supply Current 
27.6 
35.0 
mA 
Max 
Va = HIGHZ 
• 


74F 
54F 
74F 


TA = +25°C 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
Cl = 50pF 
Cl = 50pF 
Units 
No. 
Cl = 50pF 


Min 
Typ 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
2.0 
4.0 
6.0 
2.0 
6.5 
2-3 
ns 
tpHL 
3.0 
4.6 
7.5 
3.0 
8.0 


tpZH 
Output 
Enable Time 
3.5 
4.7 
7.5 
3.0 
8.5 
2-5 
tpZL 
3.5 
5.3 
8.0 
3.5 
9.0 
ns 


tpHZ 
Output 
Disable Time 
1.5 
3.9 
5.5 
1.5 
6.0 
2-5 
ns 
tpLZ 
1.5 
4.0 
6.0 
1.5 
6.5 


~National 
~ 
semiconductor 


54F/74F132 
Quad 2-lnput NAND Schmitt Trigger 


General Description 


The 'F132 
contains 
four 2-input 
NAND 
gates 
which 
accept 
standard 
TTL input signals and provide 
standard 
TIL 
output 
levels. 
They 
are capable 
of transforming 
slowly 
changing 
input 
signals 
into sharply 
defined. 
jitter-free 
output 
signals. 
In addition. 
they have a greater 
noise 
margin 
than conven- 
tional 
NAND 
gates. 


Each 
circuit 
contains 
a 2-input 
Schmitt 
trigger 
followed 
by 
level 
shifting 
circuitry 
and a standard 
FAST® 
output 
struc- 


ture. The Schmitt 
trigger 
uses positive 
feedback 
to effective- 
ly speed-up 
slow input transitions. 
and provide 
different 
in- 


put threshold 
voltages 
for positive 
and negative-going 
tran- 
sitions. 
This hysteresis 
between 
the positive-going 
and neg- 


ative-going 
input threshold 
(typically 
800 mV) is determined 
by resistor 
ratios 
and is essentially 
insensitive 
to tempera- 
ture and supply voltage 
variations. 


Guaranteed 
4000V 
minimum 
ESD protection 


Pin Assignment 
for 
DIP, SOIC and Flatpak 


14 
Vcc 


A2 
82 
° 
2 


A3 
83 
°3 


54F/74F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


An. Sn 
Inputs 
1.0/1.0 
20 1'-A/-0.6 
mA 


On 
Outputs 
50/33.3 
-1 
mA/20mA 


Inputs 
Outputs 


A 
B 
0 


L 
L 
H 


L 
H 
H 
H 
L 
H 
H 
H 
L 


H ~ 
HIGH Voltage Level 


L = LOW Voltage Level 


Pin Assignment 
for LCC 


8, NC A, NC °0 
[ID[I][[][[]m 


°1rn 
GNO fjQJ 


NC ITIl 
°31l11 
83 II] 


[1]~[j]II2J[j] 


A3 NC°2 NC 82 


1Il80 
lIJAo 
mNC 


~VCC 
[ID A2 


• 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+4.5Vto 
+5.5V 


VCC Pin Potential 
to 
Commercial 
+4.5Vto 
+5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 
TRI-STATE® 
Output 
- 0.5V to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 'OL (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VT+ 
Positive-going 
Threshold 
1.5 
2.0 
V 
5.0 


VT- 
Negative-going 
Threshold 
0.7 
1.1 
V 
5.0 


I 


l;.VT 
Hysteresis 
(VT+ 
- 
VT-) 
0.4 
V 
5.0 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% VCC 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
Vcc 
2.7 
'OH = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
'OL = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
p.A 
Max 
V,N = 2.7V 
Current 
74F 
5.0 


levi 
Input HIGH Current 
54F 
100 
p.A 
Max 
V,N = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
p.A 
Max 
VOUT = Vcc 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9 p.A 


Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
p.A 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
V,N = 0.5V 


'OS 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


'CCH 
Power Supply Current 
17.0 
mA 
Max 
Vo = HIGH 


'CCL 
Power Supply Current 
18.0 
mA 
Max 
Vo = LOW 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S 


oC 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
CL = SOpF 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
4.0 
10.5 
2.0 
13.0 
3.5 
12.0 
2-3 
tpHL 
An. Bn to On 
5.0 
, 
12.5 
4.5 
16.0 
5.0 
13.0 
ns 


~National 
~ 
semiconductor 


54F/74F138 
1-of-8 Decoder/Demultiplexer 


General Description 


The 
'F138 
is a high-speed 
1-of-8 
decoder/demultiplexer. 


This device 
is ideally 
suited 
for high-speed 
bipolar 
memory 
chip 
select 
address 
decoding. 
The 
multiple 
input 
enables 
allow 
parallel 
expansion 
to 
a 
1-of-24 
decoder 
using 
just 
three 
'F138 
devices 
or a 1-of-32 
decoder 
using four 'F138 
devices 
and one inverter. 


Features 


• 
Demultiplexing 
capability 


• 
Multiple 
input enable 
for easy expansion 


• 
Active 
LOW mutually 
exclusive 
outputs 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


Ordering Code: 
See Section 
5 


Logic Symbols 


Pin Assignment 
for DIP, 
SOIC and Flatpak 


Ao , 
16 
Vcc 


Al 
2 
15 
60 


A2 
3 
'4 
61 


E3 
[1 
4 
13 
62 


[2 
5 
12 
63 


E3 
6 
11 
6. 
TL/F/9478-3 
67 
7 
10 
65 


GNO 
8 
9 
66 


IEEE/IEC 
TLiF/9478-1 
BIN/OCT 
60 
0 
Ao 
6, 
Al 
62 
A2 
63 


t< 
6. 
E3 
65 
[1 
EN 
66 
[2 
67 


TL/F/947B-6 


54F174F 


Pin Names 
Description 
U.L. 
Input IIHIIIL 
HIGH/LOW 
Output 
IOH/IOL 


Ao-A2 
Address 
Inputs 
1.0/1.0 
20 JJ-Al-0.6 
mA 


E1' E2 
Enable 
Inputs (Active 
LOW) 
1.0/1.0 
20 JJ-Al-0.6 
mA 


E3 
Enable 
Input (Active 
HIGH) 
1.0/1.0 
20 JJ-Al-0.6 
mA 
00-07 
Outputs 
(Active 
LOW) 
50/33.3 
-1 
mA/20mA 


Pin Assignment 
for LCC 


E3 
~ 
NC [1 
~ 
1]]!IlI]][I]rn 


67 rn 


GNO IIQJ 


NC IJ] 


661111 
6s~ 


[j]J§1l]]1J]1l]] 
6. 63 NC 62 6, 


mAl 
mAo 
II] NC 


~VCC 
IiID 60 


Functional Description 


The 
'F138 
high-speed 
1-of-8 
decoder/demultiplexer 
ac- 
cepts 
three 
binary 
weighted 
inputs 
(Ao 
A1 
A2) and, when 
enabled, 
provides 
eight mutually 
exclus'ive 
active 
LOW out- 
puts (00-07). 
The 'F138 
features 
three 
Enable 
inputs, 
two 
active 
LOW (E1, E2) and one active 
HIGH (E3)' All outputs 
will be HIGH 
unless 
E1 and E2 are LOW and 
E3 is HIGH. 
This multiple 
enable function 
allows easy parallel 
expansion 


of the device 
to a 1-of-32 
(5 lines to 32 lines) decoder 
with 
just four 'F138 devices 
and one inverter 
(See Figure 
1). The 


'F138 
can 
be used 
as an 8-output 
demultiplexer 
by using 
one of the active 
LOW Enable 
inputs 
as the data input and 
the other Enable inputs as strobes. 
The Enable inputs which 
are not used must be permanently 
tied to their appropriate 
active 
HIGH or active 
LOW state. 


Inputs 
Outputs 


E1 
E2 
E3 
Ao 
A1 
A2 
00 
01 
02 
03 
04 
Os 
06 
07 


H 
X 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 


X 
H 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 


X 
X 
L 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 


L 
L 
H 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 


L 
L 
H 
H 
L 
L 
H 
L 
H 
H 
H 
H 
H 
H 
L 
L 
H 
L 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 
L 
L 
H 
H 
H 
L 
H 
H 
H 
L 
H 
H 
H 
H 


L 
L 
H 
L 
L 
H 
H 
H 
H 
H 
L 
H 
H 
H 
L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 
L 
L 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


H ~ 
HIGH Voltage Level 


L - 
LOW Voltage Level 


X = Immaterial 


TL/F/9478-4 


Please note that this diagram is provided only for the understanding 
of logic operations and should not be used to estimate propagation delays . • 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
-55'C 
to + 125'C 
Storage 
Temperature 
-65'C 
to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
-55'C 
to + 175'C 
Military 
+ 4.5V to + 5.5V 


VCC Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 
TRI-STATE@Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values 
beyond 
which the device 
may 
be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current 
limit is sufficient 
to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


Vco 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20mA 


IIH 
Input HIGH 
54F 
20.0 
p.A 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
p.A 
Max 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
p.A 
Max 
Your 
= Vcc 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9 p.A 


Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
p.A 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output 
Short-Circuit 
Current 
-60 
-150 
mA 
Max 
Your 
= OV 


tCCH 
Power Supply Current 
13 
20 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
13 
20 
mA 
Max 
Vo = LOW 


74F 
54F 
74F 


TA = +25°C 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 


Symbol 
Parameter 
Vcc = +5.0V 
Units 


CL = 50 pF 
CL = 50pF 
CL = 50pF 
No. 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
3.5 
5.6 
7.5 
3.5 
12.0 
3.5 
8.5 
2-3 
tpHL 
An to On 
4.0 
6.1 
8.0 
4.0 
9.5 
4.0 
9.0 
ns 


tpLH 
Propagation 
Delay 
3.5 
5.4 
7.0 
3.5 
11.0 
3.5 
8.0 
2-4 
tpHL 
E1 or E2 to On 
3.0 
5.3 
7.0 
3.0 
8.0 
3.0 
7.5 
ns 


tpLH 
Propagation 
Delay 
4.0 
6.2 
8.0 
4.0 
12.5 
4.0 
9.0 
2-4 
tpHL 
E3 to On 
3.5 
5.6 
7.5 
3.5 
8.5 
3.5 
8.5 
ns 


• 


~National 
~ 
semiconductor 


54F/74F139 
Dual 1-of-4 Decoder/Demultiplexer 


General Description 


The 'F139 is a high-speed, 
duaI1-of-4 
decoder/demultiplex- 
er. The device 
has two independent 
decoders, 
each accept- 
ing two 
inputs 
and providing 
four mutually 
exclusive 
active 
LOW outputs. 
Each decoder 
has an active 
LOW Enable 
in- 


put which 
can be used as a data input for a 4-output 
demul- 
tiplexer. 
Each 
half of the 'F139 
can be used as a function 
generator 
providing 
all four minterms 
of two variables. 


Features 


• 
Multifunction 
capability 


• 
Two completely 
independent 
1-of-4 decoders 


• 
Active 
LOW mutually 
exclusive 
outputs 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


Ao,A1 
Address 
Inputs 
1.0/1.0 
20 p.A/ -0.6 
mA 
E 
Enable 
Inputs (Active 
LOW) 
1.0/1.0 
20 p.A/-0.6 
mA 
00-03 
Outputs 
(Active 
LOW) 
50/33.3 
-1 
mA/20mA 


Connection 
Diagrams 


Pin Assignment 
DIP, SOIC and Flatpak 


E" 
16 
Vcc 


Ac. 
15 
Eb 


Al• 
14 
Acb 


°00 
4 
13 
A1b 


°1. 
5 
12 
°Ob 


°2. 
6 
11 
°lb 


°3. 
7 
10 
°2b 
GND 
8 
9 
°3b 


TLIF/9479-1 


Pin Assignment 
for LCC 


02801. 
NC 0oaAl. 
mrnmrnrn 


111111111111111 


03. [II 
mAo• 
GND[jQJ 
rn E. 
NC [j] 
[II NC 


°3b jj]] 
~VCC 
02b fi]J 
IIID Eb 


[1J~[§][j]1J]J 


0lbOOb NC A1bAob 


TL/F/9479-2 


Functional Description 


The 'F139 
is a high-speed 
duaI1-of-4 
decoder/demultiplex- 


er. The 
device 
has 
two 
independent 
decoders, 
each 
of 
which 
accepts 
two binary weighted 
inputs (Ao-A1)and pro- 
vides four mutually 
exclusive 
active 
lOW 
Outputs 
(00-03), 
Each 
decoder 
has an active 
lOW 
enable 
(E). When E is 
HIGH all outputs 
are forced 
HIGH. The enable 
can be used 


Inputs 
Outputs 


E 
Ao 
A1 
00 
01 
02 
03 


H 
X 
X 
H 
H 
H 
H 


l 
l 
l 
l 
H 
H 
H 


l 
H 
l 
H 
l 
H 
H 


l 
l 
H 
H 
H 
L 
H 


l 
H 
H 
H 
H 
H 
l 


H - 
HIGH Voltage Level 


L - 
LOW Voltage Level 


X = Immaterial 


as the 
data 
input 
for a 4-output 
demultiplexer 
application. 


Each 
half of the 'F139 
generates 
all four minterms 
of two 
variables. 
These 
four minterms 
are useful 
in some applica- 


tions, replacing 
multiple 
gate functions 
as shown in Figure 
1, 


and thereby 
reducing 
the number 
of packages 
required 
in a 
logic network. 


TLiF/9479-6 


FIGURE 
1. Gate Functions 
(each half) 


TL/F/9479-5 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays . • 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
- 55·C to + 175·C 
Military 
+4.5Vto 
+5.5V 


VCC Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 
TRI-STATE® 
Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings 
are 
values 
beyond 
which 
the 
device 
may 


be damaged or have its useful life impaired. Functional operation under 
these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
VCC 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 
Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 
Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
IJoA 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


ISVI 
Input HIGH Current 
54F 
100 
IJoA 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
IJoA 
Max 
VOUT = Vcc 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.91JoA 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
IJoA 
0.0 
VI00 = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


Icc 
Power Supply Current 
13 
20 
mA 
Max 


CL = 50pF 
CL = 50pF 
CL = 50pF 
No. 


Mln 
Typ 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
3.5 
5.3 
7.5 
2.5 
12.0 
3.0 
8.5 


tpHL 
AoorA1 
to On 
4.0 
6.1 
8.0 
3.5 
9.5 
4.0 
9.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
3.5 
5.4 
7.0 
3.0 
9.0 
3.5 
8.0 


tpHL 
101to On 
3.0 
4.7 
6.5 
2.5 
8.0 
3.0 
7.5 
ns 
2-3 


• 


~National 
~ 
semiconductor 


54F/74F148 
8-Line to 3-Line Priority Encoder 


General Description 


The 'F148 
provides 
three 
bits of binary coded 
output 
repre- 


senting 
the position 
of the highest 
order active 
input, along 
with an output 
indicating 
the presence 
of any active input. It 
is easily 
expanded 
via input and output 
enables 
to provide 
priority 
encoding 
over many bits. 


Features 


• 
Encodes 
eight data lines in priority 


• 
Provides 
3-bit binary priority 
code 


• 
Input enable 
capability 


• 
Signals 
when 
data is present 
on any input 


• 
Cascadable 
for priority 
encoding 
of n bits 


Pin Assignment 
for 
DIP, SOIC and Flatpak 


10 
I, 
12 
13 
I. 
15 16 17 
I. 
16 
Vcc 


E1 
15 
15 
EO 


16 
,. 
GS 


EO 
GS 
17 
13 
13 
fi 
12 
12 


TLIF/9480-3 
A2 
11 
I, 


AI 
10 
10 


IEEE/IEC 
GND 
Ao 


10 


HPRI/BIN 


Ao 
TLIF/9480-1 


I, 
A, 


12 
A2 


13 
10 
"'" 
I. 
11 


15 
'2 
13 
EO 
16 
14 
GS 


17 
15 


Ei 
16 


17 


54F174F 


Pin Names 
Description 
U.l. 
Input IIH/IIL 
HIGH/lOW 
Output 
IOH/loL 


10 
Priority Input (Active 
LOW) 
1.0/1.0 
20 ,...A/-0.6 
mA 
11-17 
Priority Inputs (Active 
LOW) 
1.012.0 
20 ,...A/ -1 .2 mA 
Ei 
Enable Input (Active 
LOW) 
1.0/1.0 
20 ,...A/-0.6 
mA 


EO 
Enable Output 
(Active 
LOW) 
50/33.3 
-1 
mA/20mA 


GS 
Group Signal Output 
(Active 
LOW) 
50/33.3 
-1 
mA/20 
mA 
/\0-/\2 
Address 
Outputs 
(Active 
LOW) 
50/33.3 
-1 
mA120mA 


Pin Assignment 
forlCC 


A2 fi He 1716 
ImZJ(!lrnm 
A,mDm,s 
GND IiQ] 
lIlT. 


NC[j] 
[j]NC 


Aol!1J 
~VCC 
10M] 
IilJEO 


~1rn~1iZI1ilJ 
1,12 
He 13 GS 


Functional Description 


The 'F148 
8-input 
priority 
encoder 
accepts 
data from eight 
active 
LOW inputs lio-i7) and provides 
a binary representa- 
tion on the three 
active 
LOW outputs. 
A priority 
is assigned 
to each input so that when 
two or more inputs 
are simulta- 
neously 
active, 
the 
input with 
the 
highest 
priority 
is repre- 


sented 
on the 
output, 
with 
input 
line 7 having 
the 
highest 
priority. 
A HIGH on the Enable 
Input (Ei) will force 
all out- 


puts to the inactive 
(HIGH) state and allow new data to set- 
tle without 
producing 
erroneous 
information 
at the outputs. 


A Group 
Signal 
output 
(GS) 
and 
Enable 
Output 
(EO) are 
provided 
along 
with the three 
priority 
data outputs 
(A2' A1, 
Ao). GS is active 
LOW when any input is LOW: this indicates 
when 
any input is active. 
EO is active 
LOW when 
all inputs 
are HIGH. 
Using the Enable 
Output 
along 
with the Enable 
Input allows 
cascading 
for priority 
encoding 
on any number 
of input signals. 
Both 
EO and GS are in the inactive 
HIGH 
state when the Enable 
Input is HIGH. 


Inputs 
Outputs 


Ei 
io i1 i2 
i3 i4 
is 
i6 
i7 
GS 
Ao 
A1 
A2 
EO 


H 
X 
X 
X 
X 
X 
X 
X 
X 
H 
H 
H 
H 
H 


L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


L 
X 
X 
X 
X 
X 
X 
X 
L 
L 
L 
L 
L 
H 


L 
X 
X 
X 
X 
X 
X 
L 
H 
L 
H 
L 
L 
H 


L 
X 
X 
X 
X 
X 
L 
H 
H 
L 
L 
H 
L 
H 


L 
X 
X 
X 
X 
L 
H 
H 
H 
L 
H 
H 
L 
H 


L 
X 
X 
X 
L 
H 
H 
H 
H 
L 
L 
L 
H 
H 


L 
X 
X 
L 
H 
H 
H 
H 
H 
L 
H 
L 
H 
H 


L 
X 
L 
H 
H 
H 
H 
H 
H 
L 
L 
H 
H 
H 


L 
L 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 


H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = 
Immaterial 


Logic Diagram 


Ei 


TLIF/9480-4 


Please note that this diagram is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. • 


Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5Vto 
Vcc 
TRI-STATE<B>Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Erthar voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
IOL = 20mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20mA 


IIH 
Input HIGH 
54F 
20.0 
Max 
VIN = 2.7V 


Current 
74F 
5.0 
/-LA 


IBVI 
Input HIGH Current 
54F 
100 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 
/-LA 
Max 


ICEX 
Output 
High 
54F 
250 
Max 
VOUT = Vcc 
Leakage 
Current 
74F 
50 
/-LA 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.9/-LA 
Test 
All Other Pins Grounded 


laD 
Output 
Leakage 
74F 
3.75 
/-LA 
0.0 
VIaD = 150 mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW 
-0.6 
mA 
Max 
VIN = 0.5V 
(1o. EI) 


Current 
-1.2 
mA 
VIN = 0.5V 
(11-17) 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
35 
mA 
Max 
Va = HIGH 


ICCL 
Power Supply Current 
35 
mA 
Max 
Va = LOW 


Ao 
A1 
A2 
A3 
FLAG 
TL/F/9480-5 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = 50 pF 
Units 
No. 
CL = SOpF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
3.0 
7.0 
9.0 
3.0 
10.0 
2-3 
tpHL 
in to An 
3.0 
8.0 
10.5 
3.0 
12.0 
ns 


tpLH 
Propagation 
Delay 
2.5 
5.0 
6.5 
2.5 
7.5 
2-3 
tpHL 
into 
EO 
2.5 
5.5 
7.5 
2.5 
8.5 
ns 


tpLH 
Propagation 
Delay 
2.5 
7.0 
9.0 
2.5 
10.0 
2-3 
tpHL 
intoGS 
2.5 
6.0 
8.0 
2.5 
9.0 
ns 


tpLH 
Propagation 
Delay 
2.5 
6.5 
8.5 
2.5 
9.5 


tpHL 
El to An 
2.5 
6.0 
8.0 
2.5 
9.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
2.5 
5.0 
7.0 
2.5 
8.0 


tpHL 
EltoGS 
2.5 
6.0 
7.5 
2.5 
8.5 
ns 
2-3 


tpLH 
Propagation 
Delay 
2.5 
5.5 
7.0 
2.5 
8.0 


tpHL 
Elto 
EO 
3.0 
8.0 
10.5 
3.0 
12.0 
ns 
2-3 


~National 
~ 
semiconductor 


54F/74F151A 
8-lnput Multiplexer 


General Description 


The 'F151A 
is a high-speed 
8-input digital multiplexer. 
It pro- 
vides 
in one package 
the ability 
to select 
one line of data 
from 
up to eight 
sources. 
The 
'F151A 
can 
be used 
as a 


universal 
function 
generator 
to generate 
any logic function 
of four variables. 
Both assertion 
and 
negation 
outputs 
are 
provided. 


Ordering Code: 
See Section 
5 


Logic Symbols 


Pin Assignment 
for DIP, 
SOIC and Flatpak 


13 
1 
16 
VCC 


12 
2 
15 
14 


11 
3 
14 
Is 


10 
4 
13 
16 


Z 
5 
12 
17 


Z 
6 
11 
50 


TLIF/9481-3 
E 
7 
10 
5, 
GNO 
8 
9 
52 
IEEE/IEC 


~ux 


TL/F/9481-1 


E 
EN 


50 


]G~ 
5, 


52 


10 
0 


I, 
, 
Z 


12 
2 
Z 


13 
3 


14 
4 


Is 
5 


16 
6 


17 
7 


54F/74F 


Pin Names 
Description 
U.L. 
Input 
IIH/IIL 
HIGH/LOW 
Output 
IOH/lOL 


10-17 
Data Inputs 
1.0/1.0 
20 I'-Al-0.6 mA 


SO-S2 
Select 
Inputs 
1.0/1.0 
20 I'-Al-0.6 mA 
E 
Enable 
Input (Active 
LOW) 
1.0/1.0 
20 I'-Al-0.6 mA 


Z 
Data Output 
50/33.3 
-1 
mA/20mA 
Z 
Inverted 
Data Output 
50/33.3 
-1 
mA/20mA 


Pin Assignment 
for 
LCC 


Z 
Z He 10 II 


[[][IJ[&][[][i] 
GN~:O~:~ 
NCITII 
[j]NC 
52~ 
!illVcc 
5,Ij]J 
1iID14 


1i}}~1l]]f!1J1!ID 
So'JHeIt;'s 


Functional Description 


The 'F151A 
is a logic implementation 
of a single pole, 8-po- 
sition switch 
with the switch 
position 
controlled 
by the state 
of three Select 
inputs, 
So, S1, S2. Both assertion 
and nega- 
tion 
outputs 
are 
provided. 
The 
Enable 
input 
(EO) is active 
LOW. When 
it is not activated, 
the negation 
output 
is HIGH 
and the assertion 
output 
is LOW regardless 
of all other 
in- 
puts. The logic function 
provided 
at the output 
is: 


Z = E • (10525150 
+ 115251 
So + 1252 S1 50 + 


1352 S1 So + 14S2 51 50 + 15S2 51 So + 
16S2S150 
+ 17S2S1 So) 


The 'F151A 
provides 
the ability, 
in one package, 
to select 
from eight sources 
of data or control 
information. 
By proper 
manipulation 
of the inputs, the 'F151A 
can provide 
any logic 
function 
of four variables 
and its negation. 


Inputs 
Outputs 


E 
52 
51 
50 
Z 
Z 


H 
X 
X 
X 
H 
L 


L 
L 
L 
L 
10 
10 


L 
L 
L 
H 
11 
11 
L 
L 
H 
L 
12 
12 


L 
L 
H 
H 
13 
13 


L 
H 
L 
L 
14 
14 


L 
H 
L 
H 
15 
15 


L 
H 
H 
L 
16 
16 


L 
H 
H 
H 
17 
17 


H ~ 
HIGH Voltage Level 


L = LOW Voltage Level 
X = Immaterial 


TL/F/9481-4 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
If Military/Aerospace specified devices are required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors for availability and specifications. 


Storage 
Temperature 
- 65·C to + 150·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 


Junction 
Temperature 
under Bias 
- 55·C to + 175·C 


Vcc 
Pin Potential 
to 
Ground 
Pin 


Input Voltage 
(Note 2) 


Input Current 
(Note 2) 


Voltage 
Applied 
to Output 
in HIGH State (with Vcc 
= OV) 
Standard 
Output 
TRI-STATE@Output 


Current 
Applied 
to Output 
in LOW State (Max) 


Recommended 
Operating 
Conditions 


Free Air Ambient 
Temperature 
Military 
Commercial 


Supply 
Voltage 
Military 
Commercial 


- 55·C to + 125·C 
O·Cto 
+70·C 


+ 4.5V to + 5.5V 
+ 4.5V to + 5.5V 


-0.5V 
to + 7.0V 


-0.5V 
to + 7.0V 


-30 
mA to +5.0 
mA 


-0.5VtoVcC 


-0.5Vto 
+5.5V 


Note 1: Absolute 
maximum 
ratings are values beyond which the device 
may 
be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current 
limit is sufficient 
to protect 
inputs. 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
VIN = 2.7V 


Current 
74F 
5.0 
)J.A 
Max 


IBVI 
Input HIGH Current 
54F 
100 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 
)J.A 
Max 


ICEX 
Output 
HIGH 
54F 
250 
VOUT = Vcc 
Leakage 
Current 
74F 
50 
)J.A 
Max 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9JJ.A 


Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
JJ.A 
0.0 
VIOO = 150 mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


Icc 
Power Supply Current 
13.5 
21.0 
mA 
Max 
Va = HIGH 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
54F 
74F 


TA = +25°C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
Units 


CL = 50pF 
CL = 50 pF 
CL = 50pF 
No. 


Min 
Typ \ 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
4.0 
6.2 
9.0 
3.5 
11.5 
3.5 
9.5 
2-3 
tPHL 
Sntol 
3.2 
5.2 
7.5 
3.0 
8.0 
3.2 
7.5 
ns 


tpLH 
Propagation 
Delay 
4.5 
7.5 
10.5 
4.5 
13.5 
4.5 
12.0 
2-3 
tpHL 
SntoZ 
4.0 
6.2 
9.0 
4.0 
9.5 
4.0 
9.0 
ns 


tpLH 
Propagation 
Delay 
3.0 
4.7 
6.1 
3.0 
7.5 
3.0 
7.0 


tpHL 
Etol 
3.0 
4.4 
6.0 
2.5 
6.5 
2.5 
6.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
5.0 
7.0 
9.5 
4.0 
12.0 
4.0 
10.5 


tpHL 
EtoZ 
3.5 
5.3 
7.0 
3.0 
8.0 
3.0 
7.5 
ns 
2-3 


tpLH 
Propagation 
Delay 
3.0 
4.8 
6.5 
2.5 
7.5 
3.0 
7.0 


tpHL 
Intol 
1.5 
2.5 
4.0 
1.5 
6.0 
1.5 
5.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
3.0 
4.8 
6.5 
2.5 
8.5 
2.5 
7.5 


tpHL 
Into Z 
3.7 
5.5 
7.0 
3.5 
9.0 
3.7 
7.5 
ns 
2-3 


~National 
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semiconductor 


54F/74F153 
Dual 4-lnput Multiplexer 


General Description 


The 'F153 
is a high-speed 
dual 4-input 
multiplexer 
with com- 
mon select 
inputs and individual 
enable 
inputs for each sec- 
tion. 
It can select 
two lines of data from four sources. 
The 


two buffered 
outputs 
present 
data in the true (non-inverted) 
form. 
In addition 
to 
multiplexer 
operation, 
the 
'F153 
can 
generate 
any two functions 
of three variables. 


Pin Assignment 
for DIP, SOIC and Flatpak 


So 


Sl 
E. 
1 


S1 
2 


130 
3 


12• 
4 


11. 
5 
TLIF/9482-3 


100 
6 


Z. 
7 
IEEEIIEC 
GND 
8 


16 
Vcc 


15 
Eb 


14 
So 


13 
13b 


12 
IZb 


11 
11b 


10 
lOb 


9 
Zb 


TL/F/9482-1 


54F/74F 


Pin Names 
Description 
U.L. 
'nput'IH"IL 
HIGH/LOW 
Output 
IOH/IOL 


IOa-13a 
Side A Data Inputs 
1.0/1.0 
20 /LA/-0.6 
mA 


IOb-13b 
Side 8 Data Inputs 
1.0/1.0 
20 /LA/-0.6 
mA 


SO,S1 
Common 
Select 
Inputs 
1.0/1.0 
20 /LA/-0.6 
mA 
Ea 
Side A Enable 
Input (Active 
LOW) 
1.0/1.0 
20 /LA/-0.6 
mA 


Eb 
Side 8 Enable Input (Active 
LOW) 
1.0/1.0 
20 /LA/-0.6 
mA 


Za 
Side A Output 
50/33.3 
-1 
mA/20mA 


Zb 
Side 8 Output 
50/33.3 
-1 
mA/20mA 


P'n Assignment 
for LCC 


loa 'I. 
NC 7a 130 
OOlIlillmm 
GN~~D~t 
NC [jJJ 
mNC 


Zb 1m 
~VCC 


lOb Ml 
IIIDEb 


1J]]1J]]1i]J1IlJ1J]] 


lIb ~ 
NC '3b So 


Functional Description 


The 'F153 
is a dual 4-input 
multiplexer. 
It can select two bits 
of data 
from 
up to four 
sources 
under 
the 
control 
of the 
common 
Select 
inputs 
(50,51), 
The two 4-input 
multiplexer 
circuits 
have individual 
active 
LOW Enables 
(Ea, Eb) which 
can be used to strobe 
the outputs 
independently. 
When the 
Enables 
(Ea, Eb) are HIGH, the corresponding 
outputs 
(Za, 


Zb) are forced 
LOW. The 'F153 
is the logic implementation 
of 
a 2-pole, 
4-position 
switch, 
where 
the 
position 
of the 
switch 
is determined 
by the logic levels 
supplied 
to the two 
Select 
inputs. 
The 
logic 
equations 
for the 
outputs 
are as 
follows: 


Za = Ea·(I0a·S1·S0 
+ 11a·S1·S0 + 


12a·S1.S0 + ISa·S1·S0) 


Zb = Eb·(IOb·S1·S0 
+ 11b·S1·S0 + 


12b·S1·S0 + ISb·S1·S0) 


The 'F153 
can be used to move data from a group 
of regis- 
ters to a common 
output 
bus. The particular 
register 
from 
which 
the data came 
would 
be determined 
by the state 
of 
the Select 
inputs. A less obvious 
application 
is as a function 
generator. 
The 
'F153 
can generate 
two functions 
of three 
variables. 
This 
is useful 
for 
implementing 
highly 
irregular 
random 
logic. 


Select 
Inputs 
(a or b) 
Output 
Inputs 


So 
51 
E 
10 
11 
12 
Is 
Z 


X 
X 
H 
X 
X 
X 
X 
L 


L 
L 
L 
L 
X 
X 
X 
L 


L 
L 
L 
H 
X 
X 
X 
H 


H 
L 
L 
X 
L 
X 
X 
L 


H 
L 
L 
X 
H 
X 
X 
H 


L 
H 
L 
X 
X 
L 
X 
L 


L 
H 
L 
X 
X 
H 
X 
H 


H 
H 
L 
X 
X 
X 
L 
L 


H 
H 
L 
X 
X 
X 
H 
H 


H ~ HIGH Voltage Level 
L ~ 
LOW 


X = Immaterial 


III 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
FreE1Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
C9mmercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply Voltage 


Junction 
Temperature 
under Bias 
-55·C 
to + 175·C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 
TRI·STATE~ 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20mA 


IIH 
Input HIGH 
54F 
20.0 
VIN = 2.7V 


Current 
74F 
5.0 
",A 
Max 


IBVI 
Input HIGH Current 
54F 
100 
VIN = 7.0V 
",A 
Max 
Breakdown 
Test 
74F 
, 
7.0 


ICEX 
Output 
High 
54F 
250 
VOUT = Vcc 
Leakage 
Current 
74F 
50 
",A 
Max 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.9 ",A 
Test 
All Other Pins Grounded 


10D 
Output 
Leakage 
74F 
3.75 
",A 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCL 
Power Supply Current 
12 
20 
mA 
Max 
Vo = LOW 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Units 


CL = SOpF 
CL = SOpF 
CL = SO pF 
No. 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
4.5 
8.1 
10.5 
4.5 
14.0 
4.5 
12.0 
ns 
2-3 
tpHL 
Sn to Zn 
3.5 
7.0 
9.0 
3.5 
11.0 
3.5 
10.5 


tpLH 
Propagation 
Delay 
4.5 
7.1 
9.0 
4.5 
11.5 
4.5 
10.5 
2-3 
En to Zn 
3.0 
5.7 
7.0 
2.5 
9.0 
2.5 
8.0 
ns 
tpHL 


tpLH 
Propagation 
Delay 
3.0 
5.3 
7.0 
2.5 
9.0 
3.0 
8.0 


tpHL 
In to Zn 
2.5 
5.1 
6.5 
2.5 
8.0 
2.5 
7.5 
ns 
2-3 


~National 
~ 
semiconductor 


54F/74F157A 
Quad 2-lnput Multiplexer 


General Description 


The 'F157A 
is a high-speed 
quad 2-input 
multiplexer. 
Four 
bits 
of data 
from 
two 
sources 
can 
be selected 
using 
the 


common 
Select and Enable inputs. The four outputs 
present 
the 
selected 
data 
in 
the 
true 
(non-inverted) 
form. 
The 


'F157A 
can 
also 
be used 
to generate 
any four 
of the 
16 
different 
functions 
to two variables. 


Features 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


Ordering Code: 
See Section 
5 


Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 


1 


'Oa 
2 


11. 
3 


Z. 
4 


lab 
5 


lIb 
6 


Zb 
7 


GND 
8 


16 
Vcc 


15 
E 


14 
lac 


13 
11. 
12 
Z. 


11 
lad 


10 
lId 


9 
Zd 


54F174F 


Pin Names 
Description 
U.L. 
Input 
IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


10a-IOd 
Source 0 Data Inputs 
1.0/1.0 
20 JLA/-0.6 
mA 


Jla-Jld 
Source 
1 Data Inputs 
1.0/1.0 
20 JLA/-0.6 
mA 
E 
Enable 
Input (Active 
LOW) 
1.0/1.0 
20 JLA/-0.6 
mA 


S 
Select 
Input 
1.0/1.0 
20 JLA/-0.6 
mA 


Za-Zd 
Outputs 
50/33.3 
-1 
mA/20mA 


Pin Assignment 
for LCC 


lIb lot. NC Z. 
lId 
~EZJ~rn[!) 
zbrnDrnl 


Oa 
GND (jQJ 
IIls 


NC I]] 
[I] NC 


ZdlIlJ 
~VCC 


Ild~ 
~E 


fl]~II§JIJ]@ 


'oct Z. NC 11. Ioc 


Functional Description 


The 'F157A 
is a quad 2-input 
multiplexer. 
It selects 
four bits 
of data 
from 
two 
sources 
under 
the 
control 
of a common 
Select 
input (S). The Enable 
input (E) is active 
LOW. When 
E is HIGH, all of the outputs 
(Z) are forced 
LOW regardless 
of all other inputs. The 'F157 A is the logic implementation 
of 
a 4-pole, 
2-position 
switch 
where 
the position 
of the switch 
is determined 
by the logic levels 
supplied 
to the Select 
in- 
put. The logic equations 
for the outputs 
are shown 
below: 


Zn = E· 
(l1n S + IOnS) 


A common 
use of the 'F157 A is the moving of data from two 
groups 
of registers 
to four common 
output 
busses. The par- 
ticular 
register 
from which 
the data comes 
is determined 
by 
the 
state 
of the 
Select 
input. 
A less 
obvious 
use is as a 
function 
generator. 
The 'F157 A can generate 
any four of the 


16 different 
functions 
of 
two 
variables 
with 
one 
variable 
common. 
This 
is useful 
for 
implementing 
highly 
irregular 
logic. 


Inputs 
Output 


E 
5 
10 
11 
Z 


H 
X 
X 
X 
L 


L 
H 
X 
L 
L 


L 
H 
X 
H 
H 


L 
L 
L 
X 
L 


L 
L 
H 
X 
H 


H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = Immaterial 


TUF/9483-4 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55·C to + 175·C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 
TRI-STATE® 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 'OL (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
IOL = 20mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
I-'A 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


'BVI 
Input HIGH Current 
54F 
100 
I-'A 
Max 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
VOUT = Vcc 
Leakage 
Current 
74F 
50 
I-'A 
Max 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.91-'A 


Test 
All Other Pins Grounded 


laD 
Output 
Leakage 
74F 
3.75 
I-'A 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
15 
23 
mA 
Max 
Va = HIGH 


ICCL 
Power Supply Current 
15 
23 
mA 
Max 
Va = LOW 


74F 
S4F 
74F 


TA = +2S'C 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc = 
+S.OV 
Units 


CL = SOpF 
CL = SO pF 
CL = SOpF 
No. 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
4.0 
7.0 
10.0 
4.0 
12.0 
4.0 
11.0 
2-3 
ns 
tpHL 
Stoln 
3.0 
5.0 
7.0 
3.0 
9.0 
3.0 
8.0 


tpLH 
Propagation 
Delay 
5.0 
7.0 
9.5 
5.0 
13.0 
5.0 
11.0 
2-3 
'Etoln 
2.5 
7.5 
2.5 
7.0 
ns 
tpHL 
2.5 
4.5 
6.5 


tpLH 
Propagation 
Delay 
2.5 
4.5 
6.0 
2.5 
7.5 
2.5 
6.5 
2-3 
tpHL 
In to In 
2.5 
4.0 
5.5 
1.5 
7.5 
2.0 
7.0 
ns 


~National 
~ 
semiconductor 


54F/74F158A 
Quad 2-lnput Multiplexer 


General Description 


The 'F158A 
is a high speed 
quad 2-input 
multiplexer. 
It se- 
lects four bits of data from two sources 
using the common 
Select 
and Enable 
inputs. 
The four outputs 
present 
the se- 
lected data in the inverted 
form. The 'F158A 
can also gener- 
ate any four of the 16 different 
functions 
of two variables. 


Features 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


Pin Assignment 
for 
DIP, SOIC and Flatpak 


S 
1 


10e 
2 


11. 
3 


I. 
• 


lOb 
5 


lIb 
6 
Ib 
7 


GND 
8 


16 
Vee 


15 
E 


1. 
10< 


13 
11. 


12 
I. 


11 
IOd 


10 
lid 


9 
Id 


54F174F 


Pin Names 
Description 
U.L. 
Input 
IIHIIIL 
HIGH/LOW 
Output 
'OH/IOL 


10a-IOd 
Source 0 Data Inputs 
1.0/1.0 
20 ",A1-0.6 
mA 


11a-lld 
Source 
1 Data Inputs 
1.0/1.0 
20 ",A1-0.6 
mA 
E 
Enable 
Input (Active 
LOW) 
1.0/1.0 
20 ",A1-0.6 
mA 
S 
Select 
Input 
1.0/1.0 
20 ",A1-0.6 
mA 
Za-Zd 
Inverted 
Outputs 
50/33.3 
-1 
mA/20 
mA 


Pin Assignment 
forLCC 


lIb 'ot> NC Z. 11. 
oommrnrn 
G;~~O~~· 
NC [jJ 
OJ NC 


Idli1J 
@Ivcc 


11dll] 
IIIDE 


~~f!]]I!Zl[j]] 
bd Z. NC 
11• Ioc: 


Functional Description 


The 
'F158A 
quad 
2-input 
multiplexer 
selects 
four 
bits 
of 
data from 
two sources 
under 
the control 
of a common 
Se- 
lect input (S) and presents 
the data in inverted 
form 
at the 
four outputs. 
The Enable 
input (E) is active 
LOW. When E is 
HIGH, all of the outputs 
(2) are forced 
HIGH regardless 
of 
all other 
inputs. The 'F158A 
is the logic implementation 
of a 
4-pole, 
2-position 
switch 
where the position 
of the switch 
is 
determined 
by the logic levels 
supplied 
to the Select 
input. 


A common 
use of the 'F158A 
is the moving 
of data from two 
groups 
of registers 
to four common 
output 
busses. 
The par- 
ticular 
register 
from which 
the data comes 
is determined 
by 
the 
state 
of the 
Select 
input. 
A less 
obvious 
use is as a 
function 
generator. 
The 'F158A 
can generate 
four functions 
of two variables 
with one variable 
common. 
This is useful for 
implementing 
gating 
functions. 


Inputs 
Outputs 


E 
S 
10 
11 
Z 


H 
X 
X 
X 
H 


L 
L 
L 
X 
H 


L 
L 
H 
X 
L 


L 
H 
X 
L 
H 


L 
H 
X 
H 
L 


H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = 
Immaterial 
Zn ~ E X (I'n S + lon~) 


TLIF/9484-4 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays . 


• 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55°C to + 125°C 
Storage 
Temperature 
- 65°C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-55'C 
to + 175'C 
Military 
+4.5Vto 
+5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 


Standard 
Output 
-0.5VtoVcc 


TRI-STATE~ 
Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated IOL (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 
Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
)J.A 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
)J.A 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
)J.A 
Max 
VOUT = Vcc 


Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9)J.A 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
)J.A 
0.0 
VIOO = 150 mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


Icc 
Power Supply Current 
10 
15 
mA 
Max 
Vo = LOW 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S"C 
TA. VCC = Mil 
TA. Vcc = Com 
Fig. 


Symbol 
Parameter 
Vcc = +S.OV 
CL = 50 pF 
CL = 50 pF 
Units 
No. 
CL = 50 pF 


Mln 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
3.0 
5.5 
8.5 
3.0 
10.5 
3.0 
9.5 
2-3 
Stoln 
8.0 
7.0 
ns 


tpHL 
2.5 
4.5 
6.5 
2.5 
2.5 


tpLH 
Propagation 
Delay 
2.5 
4.5 
6.0 
2.5 
8.0 
2.5 
7.0 
2-3 
tpHL 
Etoln 
2.0 
4.0 
6.0 
2.0 
7.0 
2.0 
6.5 
ns 


tPLH 
Propagation 
Delay 
2.5 
4.0 
5.9 
2.5 
8.5 
2.5 
7.0 
2-3 
Intoln 
1.5 
2.5 
4.0 
1.0 
5.0 
1.5 
4.5 
ns 
tpHL 


• 
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54F/74F160A 
• 54F/74F162A 
Synchronous Presettable BCD Decade Counter 


General Description 


The 'F160A 
and 'F162A 
are high-speed 
synchronous 
dec- 
ade counters 
operating 
in the BCD (8421) 
sequence. 
They 
are synchronously 
presettable 
for applications 
in program- 
mable dividers. 
There 
are two types of Count 
Enable 
inputs 
plus a Terminal 
Count 
output 
for versatility 
in forming 
syn- 
chronous 
multistage 
counters. 
The 
'F160A 
has 
an 
asyn- 
chronous 
Master 
Reset 
input that overrides 
all other 
inputs 
and forces 
the outputs 
LOW. The 
'F162A 
has a Synchro- 
nous Reset 
input that overrides 
counting 
and parallel 
load- 


ing and allows 
all outputs 
to be simultaneously 
reset on the 
rising edge 
of the clock. 
The 'F160A 
and 'F162A 
are high 
speed versions 
of the 'F160 
and 'F162. 


Features 


• 
Synchronous 
counting 
and loading 


• 
High-speed 
synchronous 
expansion 


• 
Typical 
count 
rate of 120 MHz 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


Ordering Code: 
See Section 
5 


Connection 
Diagrams 


Pin Assignment 
for 
Pin Assignment 
DIP, SOIC and Flatpak 
for LCC 


'F160A 
'F160A 


P3 Pz NC P1 Po 
MR 
1 
16 
Vcc 
m[I]mrnm 


CP 
2 
15 
TC 


Po 
3 
14 
°0 
CEPrn 
rnCp 


PI 
4 
13 
°1 
GNO [jQJ 
[I)MR 


NC [j] 
[j] NC 
Pz 
5 
12 
°z 
Prim 
~VCC 
P3 
6 
11 
°3 
CET [j]J 
[)]] TC 


CEP 
7 
10 
CET 


GND 
8 
9 
Pr 
[i]J[j])[§]IIZI[i]J 


03 0z NC 01 00 
TL/F/9485-1 
TL/F/9485-2 


'F162A 
'F162A 


SR 
16 
VCC 
P3 Pz NC PI Po 
m[I]mrnm 
CP 
2 
15 
TC 


Po 
3 
14 
°0 
CEPrn 
J rnCp 


PI 
4 
13 
°1 
GND [jQJ 
[I)SR 


Pz 
5 
12 
°z 
NC [j] 
[j] NC 


P3 
6 
11 
°3 
Prim 
~VCC 


CEP 
7 
10 
CET 
CET [j]J 
[)]] TC 


GNO 
8 
Pr 
••••• 


[i]J[j])[§]IIZI[i]J 


TL/F/9485-9 
03 0z NC 01 00 


TL/F/9485-10 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOHIIOL 


CEP 
Count Enable Parallel Input 
1.0/1.0 
20 ",AI- 
0.6 mA 
CET 
Count Enable Trickle 
Input 
1.012.0 
20 ",AI - 1.2 mA 
CP 
Clock Pulse Input (Active 
Rising Edge) 
1.0/1.0 
20 ",AI-0.6 
mA 
MR ('F160A) 
Asynchronous 
Master Reset Input (Active 
LOW) 
1.0/1.0 
20 ",AI- 
0.6 mA 
SR ('F162A) 
Synchronous 
Reset Input (Active 
LOW) 
1.012.0 
20 ",AI-1.2 
mA 


PO-P3 
Parallel Data Inputs 
1.0/1.0 
20 ",AI- 
0.6 mA 
PE 
Parallel Enable Input (Active 
LOW) 
1.012.0 
20 ",AI-1.2 
mA 
00-03 
Flip-Flop 
Outputs 
50/33.3 
-1 mAl20 mA 
TC 
Terminal 
Count Output 
50/33.3 
-1 
mA/20mA 


c( 
N~ 
Functional Description 


The 'F160A 
and 'F162A 
count modul0-1 0 in the BCD (8421) 
sequence. 
From 
state 
9 (HLLH) 
they 
increment 
to state 
0 
(LLLL). The clock 
inputs of all flip-flops 
are driven in parallel 
through 
a clock 
buffer. 
Thus 
all changes 
of the Q outputs 
(except 
due to 
Master 
Reset 
of the 
('F160A) 
occur 
as a 
result of, and synchronous 
with, the LOW-to-HIGH 
transition 
of the CP input 
signal. 
The circuits 
have four fundamental 
modes 
of operation, 
in order 
of precedence: 
asynchronous 
reset 
('F160A), 
synchronous 
reset 
('F162A), 
parallel 
load, 
count-up 
and hold. Five control 
inputs-Master 
Reset 
(MR, 
'F160A), 
Synchronous 
Reset 
(SR, 'F162A), 
Parallel 
Enable 
(PE), Count 
Enable 
Parallel 
(CEP) and Count 
Enable Trickle 
(CET)-determine 
the mode 
of operation, 
as shown 
in the 
Mode Select 
Table. A LOW signal on MR overrides 
all other 
inputs 
and asynchronously 
forces 
all outputs 
LOW. A LOW 
signal 
on SR overrides 
counting 
and 
parallel 
loading 
and 
allows 
all outputs 
to go LOW on the next rising edge of CPo 
A LOW signal on PE overrides 
counting 
and allows 
informa- 
tion on the 
Parallel 
Data 
(Pn) inputs 
to be loaded 
into the 
flip-flops 
on the 
next rising 
edge 
of CPo With 
PE and 
MR 
('F160A) 
or SR ('F162A) 
HIGH, CEP and CET permit count- 
ing when 
both 
are HIGH. Conversely, 
a LOW signal 
on ei- 
ther CEP or CET inhibits 
counting. 


The 'F160A 
and 'F162A 
use D-type edge-triggered 
flip-flops 
and changing 
the SR, PE, CEP and CET inputs when the CP 
is in either 
state 
does 
not cause 
errors, 
provided 
that 
the 
recommended 
setup and hold times, with respect 
to the ris- 
ing edge of CP, are observed. 


The Terminal 
Count (TC) output 
is HIGH when CET is HIGH 
and counter 
is in state 9. To implement 
synchronous 
multi- 
stage 
counters, 
the TC outputs 
can be used with the CEP 
and CET inputs 
in two 
different 
ways. 
Please 
refer 
to the 
'F568 
data 
sheet. 
The 
TC output 
is subject 
to 
decoding 
spikes 
due to internal 
race conditions 
and is therefore 
not 
recommended 
for use as a clock 
or asynchronous 
reset for 
flip-flops, 
counters 
or registers. 
In the 
'F160A 
and 
'F162A 
decade 
counters, 
the TC output 
is fully decoded 
and can 
only be HIGH in state 9. If a decade 
counter 
is preset 
to an 
illegal 
state, 
or assumes 
an illegal 
state when 
power 
is ap- 
plied, it will return to the normal sequence 
within two counts, 
as shown 
in the State 
Diagram. 


Logic 
Equations: 


Count Enable 
= CEP x CET x PE 


TC = Qo X 01 X 02 X Q3 x CET 


'SR 
PE 
CET 
CEP 
Action 
on the Rising 
Clock Edge (./"") 


L 
X 
X 
X 
Reset (Clear) 


H 
L 
X 
X 
Load (Pn -+ 
Qn) 


H 
H 
H 
H 
Count (Increment) 


H 
H 
L 
X 
No Change 
(Hold) 


H 
H 
X 
L 
No Change 
(Hold) 


*For 'F162A only 
H ~ 
HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = 
Immaterial 


PE 


'160A 
'162A 


~ 


CEP 


cn 
I 
I 
'162A 


- 
ONLY 


I 


.; 


: ONLY 


: Q'O 
• 
~- - - - - - - - - - -~!I~~ 


•••0 
CO 
(;"c 
i' 
CO 
'" 


P3 
l» 
Po 
P, 
P2 
3 


Absolute 
Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for 
availability 
and 
specifications. 
Military 
-55·C 
to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
-55·C 
to + 175·C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 


TRI-STATE@ 
Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 


in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged 
or have its useful life impaired. 
Functional 
operation 
under 
these conditions 
is not implied. 


Note 2: Either voltage limit or current limit is sufficient 
to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 
Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
J-LA 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
J-LA 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
J-LA 
Max 
VOUT = Vcc 


Leakage 
Current 
74F 
50 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.9 J-LA 
Test 
All Other Pins Grounded 


laD 
Output 
Leakage 
74F 
3.75 
J-LA 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW 
-0.6 
mA 
Max 
VIN = 0.5V (CP. CEP'pn. 
MR ('F160A)) 
Current 
-1.2 
mA 
Max 
VIN = 0.5V (CET. SR ('F162A). 
PEl 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


Icc 
Power Supply Current 
37 
55 
mA 
Max 
Va = HIGH 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
54F 
74F 


TA = +25'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
CL = 50 pF 
CL = 50 pF 
Units 
No. 
CL = 50pF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


fmax 
Maximum 
Count Frequency 
90 
120 
75 
80 
MHz 
2-1 


tpLH 
Propagation 
Delay, Count 
3.5 
5.5 
7.5 
3.5 
9.0 
3.5 
8.5 
2-3 
tpHL 
CP to an (PE Input HIGH) 
3.5 
7.5 
10.0 
3.5 
11.5 
3.5 
11.0 
ns 


tpLH 
Propagation 
Delay, Load 
4.0 
6.0 
8.5 
4.0 
10.0 
4.0 
9.5 


tpHL 
CP to an (PE Input LOW) 
4.0 
6.0 
8.5 
4.0 
10.0 
4.0 
9.5 
ns 
2-3 


tpLH 
Propagation 
Delay 
5.0 
10.0 
14.0 
5.0 
16.5 
5.0 
15.0 


tpHL 
CPtoTC 
5.0 
10.0 
14.0 
5.0 
15.5 
5.0 
15.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
2.5 
4.5 
7.5 
2.5 
9.0 
2.5 
8.5 


tpHL 
CETto 
TC 
2.5 
4.5 
7.5 
2.5 
9.0 
2.5 
8.5 
ns 
2-3 


tpHL 
Propagation 
Delay 
5.5 
9.0 
12.0 
5.5 
14.0 
5.5 
13.0 
2-3 
MR to an CF160A) 
ns 


tpHL 
Propagation 
Delay 
4.5 
8.0 
10.5 
4.5 
12.5 
4.5 
11.5 
2-3 
MR to TC CF160A) 
ns 


• 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
54F 
74F 


Symbol 
Parameter 
TA = +25°C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +5.0V 
No. 


Mln 
Max 
Mln 
Max 
Min 
Max 


ts(H) 
Setup Time, HIGH or lOW 
4.0 
5.5 
4.0 
2-6 
ns 
ts(l) 
Pn to CP ('F160A) 
5.0 
5.5 
5.0 


ts(H) 
Setup Time, HIGH or lOW 
5.0 
5.5 
5.0 


ts(l) 
Pn to CP ('F162A) 
5.0 
5.5 
5.0 
2-6 
ns 
th(H) 
Hold Time, HIGH or lOW 
2.0 
2.5 
2.0 


th(l) 
Pn toCP 
2.0 
2.5 
2.0 


ts(H) 
Setup Time, HIGH or lOW 
11.0 
13.5 
11.5 


ts(l) 
PE orSR 
to CP 
8.5 
10.5 
9.5 
2-6 
ns 
th(H) 
Hold Time, HIGH or lOW 
2.0 
2.0 
2.0 


th(l) 
PE orSR 
to CP 
0 
0 
0 


ts(H) 
Setup Time, HIGH or lOW 
11.0 
13.0 
11.5 


ts(l) 
CEP or CET to CP 
5.0 
6.0 
5.0 
2-6 
ns 
th(H) 
Hold Time, HIGH or lOW 
0 
0 
0 


th(l) 
CEP or CET to CP 
0 
0 
0 


tw(H) 
Clock Pulse Width (load) 
5.0 
5.0 
5.0 
2-4 
tw(l) 
HIGH or lOW 
5.0 
5.0 
5.0 
ns 


tw(H) 
Clock Pulse Width (Count) 
4.0 
5.0 
4.0 


twILl 
HIGH or lOW 
6.0 
8.0 
7.0 
2-4 
ns 
twILl 
MR Pulse Width, 
lOW 
5.0 
5.0 
5.0 
('F160A) 


tree 
Recovery 
Time 
6.0 
6.0 
6.0 
ns 
2-6 
MR to CP ('F160A) 


~National 
~ 
semiconductor 


54F/74F161A 
• 54F/74F163A 
Synchronous Presettable Binary Counter 


General Description 


The 'F161A 
and 'F163A 
are high-speed 
synchronous 
modu- 
10-16 binary 
counters. 
They 
are synchronously 
presettable 
for application 
in programmable 
dividers 
and have two types 
of Count 
Enable 
inputs 
plus 
a Terminal 
Count 
output 
for 
versatility 
in forming 
synchronous 
multi-stage 
counters. 
The 


'F161A 
has an asynchronous 
Master-Reset 
input that over- 
rides 
all 
other 
inputs 
and 
forces 
the 
outputs 
lOW. 
The 


'F163A 
has 
a 
Synchronous 
Reset 
input 
that 
overrides 
counting 
and parallel 
loading 
and allows 
the outputs 
to be 
simultaneously 
reset 
on the 
rising 
edge 
of the clock. 
The 


'F161A 
and 
'F163A 
are high-speed 
versions 
of the 
'F161 
and 'F163. 


Features 


• 
Synchronous 
counting 
and loading 


• 
High-speed 
synchronous 
expansion 


• 
Typical 
count 
frequency 
of 120 MHz 


• 
Guaranteed 
4000V minimum 
ESD protection 


Pin Assignment 
for DIP, SOIC and Flatpak 


'F161A 


Mil 
16 
vee 


CP 
15 
TC 


Po 
14 
°0 
P, 
'3 
0, 


Pz 
5 
12 
O2 
P3 
6 
II 
°3 


CEP 
7 
10 
CET 


GND 
8 
9 
PE 


TLiF/9486-1 


Pin Assignment 
for DIP, SOIC and Flatpak 
'F163A 


SR 
1 


CP 
2 


Po 
3 


P, 
4 


Pz 
5 


P3 
6 


CEP 
7 


GND 
8 


16 
Vee 


15 
TC 


14 
00 


13 
0, 


12 
02 


11 
03 


10 
CET 


9 
PE 


Pin Assignment 
forlCC 
'F161A 


P3 Pz NC P, Po 
00 [l]m rnm 


CEPrnD 
ITlcp 
GND(jQ) 
rn Mil 
NC[j) 
OJ NC 


PEI!1l 
~VCC 


CET@ 
I!2lTC 


~1IID@fflJ(j]J 
03 Oz NC 0, 00 


Pin Assignment 
for LCC 
'F163A 


P3 Pz NC P, Po 
OO[l]mrnm~~~D~~ 
NC[j) 
OJ NC 


PEI!1l 
~VCC 


CET@ 
I!2lTC 


~1IID(j]JfflJ(j]J 


03 Oz NC 0, 00 


TL/F/9486-3 
TL/F/9486-9 


IEEE/IEC 
IEEEIIEC 
'F161A 
'F163A 


CTRDIV16 
MR 
SR 
PE 
PE 


TC 
TC 
CET 
CET 
CEP 
CEP 


CP 
CP 


Po 
°0 
Po 
°0 
PI 
°1 
PI 
°1 
P2 
°2 
P2 
°2 
P3 
°3 
P3 
°3 
TL/F/9486-6 
TLiF/9486-10 


54F/74F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 


HIGH/LOW 
Output 
'OH/IOL 


CEP 
Count Enable Parallel Input 
1.0/1.0 
20 p.AI-0.6 
mA 


CET 
Count Enable Trickle 
Input 
1.0/2.0 
20 p.AI-l.2 
mA 


CP 
Clock Pulse Input (Active 
Rising Edge) 
1.0/1.0 
20 p.AI-0.6 
mA 


MR CF161A) 
Asynchronous 
Master 
Reset Input (Active 
LOW) 
1.0/1.0 
20 p.AI-0.6 
mA 


SR CF163A) 
Synchronous 
Reset Input (Active 
LOW) 
1.0/2.0 
20 p.AI-l.2 
mA 


PO-P3 
Parallel Data Inputs 
1.0/1.0 
20 p.AI-0.6 
mA 


PE 
Parallel 
Enable Input (Active 
LOW) 
1.0/2.0 
20 p.AI-l.2 
mA 
00-03 
Flip-Flop 
Outputs 
50/33.3 
-1 
mA/20 
mA 


TC 
Terminal 
Count Output 
50/33.3 
-1 
mA/20mA 


Functional Description 


The 
'F161A 
and 
'F163A 
count 
in 
modul0-16 
binary 
se- 
quence. 
From 
state 
15 (HHHH) 
they 
increment 
to state 0 
(LLLL). The clock 
inputs of all flip-flops 
are driven in parallel 
through 
a clock 
buffer. 
Thus 
all changes 
of the Q outputs 
(except 
due to Master 
Reset of the 'F161A) 
occur 
as a re- 
suit of, and synchronous 
with, the LOW-to-HIGH 
transition 
of the CP input 
signal. 
The circuits 
have four fundamental 
modes 
of operation, 
in order 
of precedence: 
asynchronous 
reset 
('F161A), 
synchronous 
reset 
('F163A), 
parallel 
load, 


count-up 
and hold. Five control 
inputs-Master 
Reset 
(MR, 
'F161A), 
Synchronous 
Reset 
(SR, 'F163A), 
Parallel 
Enable 
(PE), Count 
Enable 
Parallel 
(CEP) and Count 
Enable Trickle 
(CET)-determine 
the mode 
of operation, 
as shown 
in the 
Mode Select Table. A LOW signal on MR overrides 
all other 


inputs 
and asynchronously 
forces 
all outputs 
LOW. A LOW 
signal 
on SR overrides 
counting 
and 
parallel 
loading 
and 
allows 
all outputs 
to go LOW on the nex1 rising edge of CP. 
A LOW signal on PE overrides 
counting 
and allows 
informa- 
tion on the 
Parallel 
Data 
(Pn) inputs 
to be loaded 
into the 


'SR 
PE 
CET 
CEP 
Action 
on the Rising 
Clock Edge (../') 


L 
X 
X 
X 
Reset (Clear) 


H 
L 
X 
X 
Load (Pn ---. Qn) 
H 
H 
H 
H 
Count (Increment) 
H 
H 
L 
X 
No Change 
(Hold) 


H 
H 
X 
L 
No Change 
(Hold) 


·For 'F163A only 
H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = 
Immaterial 


flip-flops 
on the 
nex1 rising 
edge 
of CP. With 
PE and MR 
('F161A) 
or SR ('F163A) 
HIGH, CEP and CET permit 
count· 
ing when 
both are HIGH. 
Conversely, 
a LOW signal 
on ei- 
ther CEP or CET inhibits 
counting. 


The 'F161A 
and 'F163A 
use D-type edge triggered 
flip-flops 
and changing 
the SR, PE, CEP and CET inputs when the CP 
is in either 
state 
does 
not cause 
errors, 
provided 
that 
the 
recommended 
setup and hold times, with respect 
to the ris- 
ing edge of CP, are observed. 


The Terminal 
Count (TC) output 
is HIGH when CET is HIGH 
and the counter 
is in state 
15. To implement 
synchronous 
multi-stage 
counters, 
the TC outputs 
can be used with the 
CEP and CET inputs 
in two different 
ways. 
Please 
refer to 
the 'F568 
data sheet. The TC output 
is subject 
to decoding 
spikes 
due to internal 
race conditions 
and is therefore 
not 
recommended 
for use as a clock 
or asynchronous 
reset for 
flip-flops, 
counters 
or registers. 


Logic Equations: 
Count Enable 
= CEP • CET • PE 


TC = Qo· Q1 • Q2 • Q3 • CET 


jjii ('161A) 


Sil ('163A) 


'16104.c 


I, 
I 
f 
'163,4 


:. 
ONLY 


I 
I 


'161.4 
: 


ONLY.: 
I 
I, 
I. 


- 55°C to + 125°C 


-55°C 
to + 175°C 


1J0mmerciai 


Supply 
Voltage 
Military 
Commercial 


Ambient 
Temperature 
under Bias 


Junction 
Temperature 
under Bias 


Vcc 
Pin Potential 
to 
Ground 
Pin 


Input Voltage 
(Note 2) 


Input Current 
(Note 2) 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc 
= OV) 
Standard 
Output 
TRI·STATE@Output 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


+ 4.5V to + 5.5V 
+4.5Vto 
+5.5V 


-0.5Vto 
+7.0V 


-0.5Vto 
+7.0V 


-30 
mA to +5.0 
mA 


-0.5VtoVcC 


-0.5Vto 
+5.5V 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.6 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -16 
mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 


74F5% 
Vcc 
2.7 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 


IIH 
Input HIGH 
54F 
20.0 
f.'A 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


lavi 
Input HIGH Current 
54F 
100 
f.'A 
Max 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 


'CEX 
Output 
HIGH 
54F 
250 
f.'A 
Max 
Your 
= Vcc 
Leakage 
Current 
74F 
50 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9 f.'A 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
f.'A 
0.0 
VI00 = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V (CEP, CP, MR, PO-P3) 
-1.2 
mA 
Max 
VIN = 0.5V (CET, PE, SR) 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
Your 
= OV 


Icc 
Power Supply Current 
37 
55 
mA 
Max 
• 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
54F 
74F 


TA = +25°C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
CL = 50pF 
CL = 50 pF 
Units 
No. 
CL = 50pF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


fmax 
Maximum 
Count Frequency 
100 
120 
75 
90 
MHz 
2-1 


tpLH 
Propagation 
Delay 
3.5 
5.5 
7.5 
3.5 
9.0 
3.5 
8.5 


tpHL 
CP to Qn (PE Input HIGH) 
3.5 
7.5 
10.0 
3.5 
11.5 
3.5 
11.0 
2-3 
ns 


tpLH 
Propagation 
Delay 
4.0 
6.0 
8.5 
4.0 
10.0 
4.0 
9.5 


tpHL 
CP to Qn (PE Input LOW) 
4.0 
6.0 
8.5 
4.0 
10.0 
4.0 
9.5 


tpLH 
Propagation 
Delay 
5.0 
10.0 
14.0 
5.0 
16.5 
5.0 
15.0 
2-3 
tpHL 
CPtoTC 
5.0 
10.0 
14.0 
5.0 
15.5 
5.0 
15.0 
ns 


tpLH 
Propagation 
Delay 
2.5 
4.5 
7.5 
2.5 
9.0 
2.5 
8.5 
2-3 
ns 
tpHL 
CET to TC 
2.5 
4.5 
7.5 
2.5 
9.0 
2.5 
8.5 


tpHL 
Propagation 
Delay 
5.5 
9.0 
12.0 
5.5 
14.0 
5.5 
13.0 
ns 
2-3 
MR to Qn ('F161 A) 


tpHL 
Propagation 
Delay 
4.5 
8.0 
10.5 
4.5 
12.5 
4.5 
11.5 
ns 
2-3 
MR to TC ('F161A) 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
54F 
74F 


Symbol 
Parameter 
TA = +25°C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +5.0V 
No. 


Min 
Max 
Min 
Max 
Mln 
Max 


ts(H) 
Setup Time, HIGH or LOW 
5.0 
5.5 
5.0 


ts(L) 
Pn toCP 
5.0 
5.5 
5.0 
2-6 
ns 
th(H) 
Hold Time, HIGH or LOW 
2.0 
2.5 
2.0 


th(L) 
Pn toCP 
2.0 
2.5 
2.0 


ts(H) 
Setup Time, HIGH or LOW 
11.0 
13.5 
11.5 


ts(L) 
PE or SR to CP 
8.5 
10.5 
9.5 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
2.0 
3.6 
2.0 


th(L) 
PE or SR to CP 
0 
0 
0 


ts(H) 
Setup Time, HIGH or LOW 
11.0 
13.0 
11.5 


ts(L) 
CEP or CET to CP 
5.0 
6.0 
5.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
0 
0 
0 
th(L) 
CEP or CET to CP 
0 
0 
0 


tw(H) 
Clock Pulse Width (Load) 
5.0 
5.0 
5.0 
tw(L) 
HIGH or LOW 
5.0 
5.0 
5.0 
ns 
2-4 


tw(H) 
Clock Pulse Width (Count) 
4.0 
5.0 
4.0 
tw(L) 
HIGH or LOW 
6.0 
8.0 
7.0 
ns 
2-4 


tw(L) 
MR Pulse Width, 
LOW 
5.0 
5.0 
5.0 
('F161A) 
ns 
2-4 


tree 
Recovery 
Time 
6.0 
6.0 
6.0 
2-6 
MR to CP ('F161 A) 
ns 


~National 
~ 
semiconductor 


54F/74F164A 
Serial-In, Parallel-Out Shift Register 


General Description 


The 'F164A 
is a high-speed 
B-bit serial-in/parallel-out 
shift 
register. 
Serial 
data is entered 
through 
a 2-input 
AND 
gate 
synchronous 
with the LOW-to-HIGH 
transition 
of the clock. 


The device 
features 
an asynchronous 
Master 
Reset 
which 
clears 
the register, 
setting 
all outputs 
LOW independent 
of 
the clock. 
The 'F164A 
is a faster 
version 
of the 'F164. 


Features 


• 
Typical 
shift frequency 
of 90 MHz 


• 
Asynchronous 
Master 
Reset 


• 
Gated 
serial data input 


• 
Fully synchronous 
data transfers 


• 
Guaranteed 
4000V 
min ESD protection 


• 
'F164A 
is a faster 
version 
of the 'F164 


Pin Assignment 
for 
DIP, SOIC and Flatpak 
Pin Assignment 
forLCC 


~NC01NCOo 
[!][I1 m rn rn 


03 
1I1DrnB 
GND IJm 
rn A 


NC (]] 
OJ NC 
CPfflJ 
~VCC 


Nillill 
1IID07 


~ij]]IJ]JIiZJ[j]J 


0.NCO:;NC06 


A 
I' 
Vcc 


B 
13 
°7 


°0 
12 
°6 
CP 
°1 
11 
Os 


°2 
10 
0. 


°3 
9 
Nil 
Tl/F/l0613-1 
GND 
B 
CP 


IEEE/IEC 
Tl/F/l0613-2 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


A,S 
Data Inputs 
1.0/1.0 
20 ,..AI-0.6 
mA 
CP 
Clock Pulse Input (Active 
Rising Edge) 
1.0/1.0 
20 ,..AI-0.6 
mA 


MR 
Master 
Reset Input (Active 
LOW) 
1.0/1.0 
20 ,..A/-0.6 
mA 
00-07 
Outputs 
50/33.3 
-1 
mA/20 
mA 


Functional Description 


The 'F164A 
is an edge-triggered 
a-bit shift register 
with seri- 
al data entry 
and an output 
from 
each of the eight stages. 


Data is entered 
serially 
through 
one of two inputs 
(A or B); 
either 
of these 
inputs 
can be used as an active 
HIGH 
En- 
able for data entry through 
the other input. An unused 
input 
must be tied HIGH. 


Each LOW-to-HIGH 
transition 
on the Clock (CP) input shifts 
data 
one 
place 
to the 
right and enters 
into 00 
the logical 
AND of the two data inputs 
(A • B) that existed 
before 
the 
rising 
clock 
edge. 
A LOW 
level on the Master 
Reset 
(MR) 
input overrides 
all other 
inputs and clears the register 
asyn- 
chronously, 
forcing 
all 0 outputs 
LOW. 


TL/FI10613-S 


Pleese note that this diegrem is provided only for the understanding 
of logic operations 
and should not be used to estimate propagation 
delays. 


Operating 
Inputs 
Outputs 


Mode 
MR 
A 
B 
00 
01-07 


Reset (Clear) 
L 
X 
X 
L 
L-L 


H 
I 
I 
L 
qO-q6 


Shift 
H 
I 
h 
L 
QO-Q6 


H 
h 
I 
L 
Qo-Q6 


H 
h 
h 
H 
QO-Q6 


H(h) ~ 
HIGH Voltage Levels 
L(I) ~ 
LOW Voltage Levels 


X = Immaterial 
qn = Lower case 
letters indicate 
the state of the referenced 
input or output 
one setup time prior to the LOW-to-HIGH 
clock transrtion. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
-55·C 
to + 125·C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-55·C 
to + 175·C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+4.5Vto 
+5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 


TRI-STATE<fi> Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
IOL = 20mA 


IIH 
Input HIGH 
54F 
20.0 
I-'A 
Current 
74F 
5.0 
Max 
VIN = 2.7V 


'BVI 
Input HIGH Current 
54F 
100 
I-'A 
Breakdown 
Test 
74F 
7.0 
Max 
VIN = 7.0V 


ICEX 
Output 
HIGH 
54F 
250 


Leakage 
Current 
74F 
50 
I-'A 
Max 
VOUT = Vcc 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.91-'A 
Test 
All other pins grounded 


100 
Output 
Leakage 
74F 
3.75 
I-'A 
0.0 
VIOO = 150 mV 
Circuit Current 
All other pins grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10S 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


Icc 
Power Supply Current 
35 
55 
mA 
Max 
CP = HIGH 


MR = GND, A, B = GND 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and load 
Configurations 


74F 
S4F 
74F 


TA = +2S"C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc 
= +S.OV 
Cl = SOpF 
Cl = SOpF 
Units 
No. 
Cl = 50 pF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


fmax 
Maximum 
Clock Frequency 
80 
120 
80 
MHz 
2-1 


tpLH 
Propagation 
Delay 
3.0 
4.8 
7.5 
3.0 
7.5 
2-3 
tpHL 
CP to On 
3.5 
5.0 
8.0 
3.5 
8.0 
ns 


tpHL 
Propagation 
Delay 
5.0 
7.0 
10.0 
5.0 
10.5 
ns 
2-3 
MR to On 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S"C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc 
= +S.OV 
No. 


Min 
Max 
Min 
Max 
Mln 
Max 


t5(H) 
Setup Time, HIGH or lOW 
4.5 
4.5 


t5(l) 
A or B to CP 
4.0 
4.0 
2-6 
ns 
th(H) 
Hold Time, HIGH or lOW 
1.0 
1.0 


th(l) 
A or B to CP 
1.0 
1.0 


tw(H) 
CP Pulse Width 
4.0 
4.0 


tw(l) 
HIGH or lOW 
7.0 
7.0 
ns 
2-4 


tw(l) 
MR Pulse Width, 
lOW 
4.0 
4.0 
ns 
2-4 


tree 
Recovery 
Time 
5.0 
5.0 
2-6 
MRtoCP 
ns 


~National 
~ 
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54F/74F168 • 54F/74F169 
4-Stage Synchronous Bidirectional Counters 


General Description 


The 
'F168 
and 
'F169 
are fully 
synchronous 
4-stage 
up/ 
down 
counters. 
The 
'F168 
is a BCD decade 
counter; 
the 
'F169 
is a modul0-16 
binary counter. 
Both feature 
a preset 
capability 
for programmable 
operation, 
carry 
lookahead 
for 
easy cascading 
and a U/O input to control 
the direction 
of 
counting. 
All state changes, 
whether 
in counting 
or parallel 
loading, 
are initiated 
by the LOW-to-HIGH 
transition 
of the 
clock. 


IEEE/IEC 
'F168 


Connection 
Diagrams 


Pin Assignment 
for 
DIP, SOIC and Flatpak 


UfO 
16 
Vcc 


CP 
2 
15 
TC 


Po 
3 
14 
°0 
P1 
4 
13 
°1 
P2 
5 
12 
°2 
P3 
6 
11 
°3 
CEP 
7 
10 
CET 


'F169 
GND 
8 
9 
Pi: 


Pi: 
TLiF/9488-1 


ufo 
Pin Assignment 
TC 
for LCC 


CET 
P3 P2 NC P1 Po 
[[]m [[] [1][I] 
CEP 


CP 
CEP[I] 
[II CP 


GND IIQ] 
III UfO 
NC [j] 
[TINC 
Po 
°0 
Pi:lrn 
@I vcc 
P1 
°1 
CET [ITJ 
lJIDTC 
P2 
°2 
P3 
°3 
1ill~[ill[jl]1!ID 


TL/F/948S-9 
03 02 NC 01 00 
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Features 


• 
Asynchronous 
counting 
and loading 


• 
Built-in 
lookahead 
carry capability 


• 
Presettable 
for programmable 
operation 


54F/74F 


Pin Names 
Description 
U.L. 
Input IIH/lIL 
HIGH/LOW 
Output 
IOH/lOL 


CEP 
Count Enable Parallel 
Input (Active 
LOW) 
1.0/1.0 
20 Il-Al- 
0.6 mA 


CET 
Count Enable Trickle 
Input (Active 
LOW) 
1.0/2.0 
20 Il-Al-1.2 
mA 


CP 
Clock Pulse Input (Active 
Rising Edge) 
1.0/1.0 
20 Il-Al-0.6 
mA 


PO-P3 
Parallel 
Data Inputs 
1.0/1.0 
20 Il-A/ - 0.6 mA 


PE 
Parallel 
Enable 
Input (Active 
LOW) 
1.0/1.0 
20 Il-Al-0.6 
mA 


U/D 
Up-Down 
Count Control 
Input 
1.0/1.0 
20 Il-Al-0.6 
mA 


QO-Q3 
Flip-Flop 
Outputs 
50/33.3 
-1 
mA/20mA 


TC 
Terminal 
Count Output (Active 
LOW) 
50/33.3 
-1 
mAl20 
mA 


Functional Description 
The 'F168 
and 'F169 
use edge-triggered 
J-K type flip-flops 
and 
have 
no constraints 
on changing 
the 
control 
or data 


input 
signals 
in either 
state 
of the clock. 
The only 
require- 


ment 
is that 
the various 
inputs 
attain 
the 
desired 
state 
at 
least 
a setup 
time 
before 
the rising edge 
of the clock 
and 
remain valid for the recommended 
hold time thereafter. 
The 
parallel 
load operation 
takes 
precedence 
over other 
opera- 
tions, 
as indicated 
in the 
Mode 
Select 
Table. 
When 
PE is 
LOW, the data on the PO-P3 inputs 
enters 
the flip-flops 
on 
the 
next 
rising 
edge 
of the clock. 
In order 
for counting 
to 
occur, 
both 
CEP and CET 
must be LOW and 
PE must 
be 
HIGH; the U/D 
input then determines 
the direction 
of count- 
ing. The Terminal 
Count 
(TC) output 
is normally 
HIGH and 
goes 
LOW, 
provided 
that 
CET 
is LOW, 
when 
a counter 
reaches 
zero in the Count 
Down 
mode or reaches 
9 (15 for 


the 'F169) 
in the Count Up mode. The TC output 
state is not 
a function 
of the Count 
Enable 
Parallel 
(CEP) input 
level. 


The TC output 
of the 
'F168 
decade 
counter 
can 
also 
be 
LOW 
in the illegal 
states 
11, 13, and 
15, which 
can occur 
when 
power 
is turned 
on or via parallel 
loading. 
If an illegal 
state 
occurs, 
the 
'F168 
will 
return 
to 
the 
legitimate 
se- 
quence 
within two counts. 
Since the TC signal is derived 
by 
decoding 
the flip-flop 
states, 
there 
exists 
the possibility 
of 
decoding 
spikes 
on TC. For this reason 
the use of TC as a 
clock 
signal 
is not recommended 
(see 
logic equations 
be- 
low). 


1) Count 
Enable 
= CEP • CET • PE 


2) Up: ('F168): 
TC = Qo • 01 
• 02 
• Q3 • (Up) • CET 


('F169): 
TC = Qo· 
Q1 • Q2· 
Q3 • (Up) • CET 


3) Down: TC = 00 
• 01 
• 02 • 03 
• (Down) 
• CET 


00 
01 
02 
0] 
TLIF/9488-4 


Please 
note that these diagrams 
are provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 
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Please 
note that these diagrams 
are provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


PE 
CEP 
CET 
UfO 
Action 
on Rising 


Clock 
Edge 


L 
X 
X 
X 
Load (Pn - 
an) 
H 
L 
L 
H 
Count Up (Increment) 


H 
L 
L 
L 
Count Down (Decrement) 


H 
H 
X 
X 
No Change 
(Hold) 


H 
X 
H 
X 
No Change 
(Hold) 


H ~ 
HIGH Voltage level 
l 
~ 
lOW 
Voltage level 
X = Immaterial 


State Diagrams 


'F168 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 
TRI-STATE@Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated IOL (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not 
implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
VCC 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 
Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 
Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
I-'A 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
I-'A 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
I-'A 
Max 
VOUT = Vcc 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.91-'A 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
I-'A 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V (except 
CET) 
-1.2 
VIN = 0.5V (CET) 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCL 
Power Supply Current 
35 
52 
mA 
Max 
Vo = LOW 


'F168 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and load 
Configurations 


74F 
S4F 
74F 


TA = +2S 


oC 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = 50 pF 
Units 
No. 
CL = SOpF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


fmax 
Maximum 
Count Frequency 
100 
115 
6.0 
90 
MHz 
2-1 


tpLH 
Propagation 
Delay 
3.0 
6.5 
8.5 
3.0 
12.0 
3.0 
9.5 
2-3 
ns 
tpHL 
CP to an IPE HIGH or lOW) 
4.0 
9.0 
11.5 
4.0 
16.0 
4.0 
13.0 


tpLH 
Propagation 
Delay 
5.5 
12.0 
15.5 
5.5 
20.0 
5.5 
17.0 
2-3 
tpHL 
CP to TC 
4.0 
8.5 
11.0 
4.0 
15.0 
4.0 
12.5 
ns 


tpLH 
Propagation 
Delay 
2.5 
4.5 
6.0 
2.5 
9.0 
2.5 
7.0 
2-3 
tpHL 
CETtoTC 
2.5 
6.0 
8.0 
2.5 
12.0 
2.5 
9.0 
ns 


tpLH 
Propagation 
Delay 
3.5 
8.5 
11.0 
3.5 
16.0 
3.5 
12.5 
2-3 
tpHL 
U/Dto 
TC 
4.0 
12.5 
16.0 
4.0 
14.0 
4.0 
18.0 
ns 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S 


oC 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Min 
Max 
Min 
Max 
Min 
Max 


tslH) 
Setup Time, HIGH or lOW 
4.0 
4.5 
4.5 


tsll) 
PntoCP 
4.0 
4.5 
4.5 
ns 
2-6 
thlH) 
Hold Time, HIGH or lOW 
3.0 
3.5 
3.5 


thll) 
PntoCP 
3.0 
3.5 
3.5 


tslH) 
Setup Time, HIGH or lOW 
5.0 
8.0 
6.0 


ts(l) 
CEP or CET to CP 
5.0 
8.0 
6.0 
ns 
2-6 
thlH) 
Hold Time, HIGH or lOW 
0 
0.0 
0 


thll) 
CEP or CET to CP 
0 
1.0 
0 


tslH) 
Setup Time, HIGH or lOW 
8.0 
10.0 
9.0 


tsll) 
PE to CP 
8.0 
10.0 
9.0 
ns 
2-6 
thlH) 
Hold Time, HIGH or lOW 
0 
1.0 
0 


thll) 
PE to CP 
0 
0 
0 


tslH) 
Setup Time, HIGH or lOW 
11.0 
14.0 
12.5 


tsll) 
U/DtoCP 
16.5 
12.0 
18.0 
ns 
2-6 
thlH) 
Hold Time, HIGH or lOW 
0 
0 
0 


thll) 
U/DtoCP 
0 
0 
0 


tw(H) 
CP Pulse Width 
5.0 
6.0 
5.5 


twll) 
HIGH or lOW 
5.0 
9.0 
5.5 
ns 
2-4 


'F169 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2SoC 
TA. Vcc = Mil 
TA,VCC = Com 
Fig. 


Symbol 
Parameter 
Vcc = +S.OV 
Cl = SOpF 
Cl = SOpF 
Units 
No. 
Cl = SO pF 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


fmax 
Maximum 
Count Frequency 
90 
60 
70 
MHz 
2-1 


tpLH 
Propagation 
Delay 
3.0 
6.5 
8.5 
3.0 
12.0 
3.0 
9.5 
2-3 
CP to an (PE HIGH or LOW) 
4.0 
9.0 
11.5 
4.0 
16.0 
4.0 
13.0 
ns 
tpHL 


tpLH 
Propagation 
Delay 
5.5 
12.0 
15.5 
5.5 
20.0 
5.5 
17.5 
2-3 
CPtoTC 
4.0 
8.5 
12.5 
4.0 
15.0 
4.0 
13.0 
ns 
tpHL 


tpLH 
Propagation 
Delay 
2.5 
4.5 
6.5 
2.5 
9.0 
2.5 
7.0 
2-3 
CETto 
TC 
2.5 
8.5 
11.0 
2.5 
12.0 
2.5 
12.0 
ns 
tpHL 


tpLH 
Propagation 
Delay 
3.5 
8.5 
11.5 
3.5 
16.0 
3.5 
12.5 
2-3 
U/OtoTC 
4.0 
8.0 
12.0 
4.0 
14.0 
4.0 
13.0 
ns 
tPHL 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
54F 
74F 


Symbol 
Parameter 
TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Min 
Max 
Mln 
Max 
Mln 
Max 


ts(H) 
Setup Time, HIGH or LOW 
4.0 
4.5 
4.5 


ts(L) 
Pn to CP 
4.0 
4.5 
4.5 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
3.0 
3.5 
3.5 
th(L) 
Pn to CP 
3.0 
3.5 
3.5 


ts(H) 
Setup Time, HIGH or LOW 
7.0 
8.0 
8.0 
ts(L) 
CEP or CET to CP 
5.0 
8.0 
6.5 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
0 
0 
0 
th(L) 
CEP or CET to CP 
0.5 
1.0 
0.5 


ts(H) 
Setup Time, HIGH or LOW 
8.0 
10.0 
9.0 
ts(L) 
PE to CP 
8.0 
10.0 
9.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
1.0 
1.0 
1.0 
th(L) 
PEtoCP 
0 
0 
0 


ts(H) 
Setup Time, HIGH or LOW 
11.0 
14.0 
12.5 
ts(L) 
U/OtoCP 
7.0 
12.0 
8.5 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
0 
0 
0 
th(L) 
U/OtoCP 
0 
0 
0 


tw(H) 
CP Pulse Width 
4.0 
6.0 
4.5 
tw(L) 
HIGH or LOW 
7.0 
9.0 
8.0 
ns 
2-4 


~National 
~ 
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General Description 


The 
'F174 
is a high-speed 
hex 
0 flip-flop. 
The 
device 
is 
used 
primarily 
as a 6-bit 
edge-triggered 
storage 
register. 
The 
information 
on the 
0 inputs 
is transferred 
to storage 
during 
the LOW-to-HIGH 
clock 
transition. 
The device 
has a 
Master 
Reset to simultaneously 
clear all flip-flops. 


Features 


• 
Edge-triggered 
Ootype inputs 


• 
Buffered 
positive 
edge-triggered 
clock 


• 
Asynchronous 
common 
reset 


• 
Guaranteed 
4000V minimum 
ESO protection 


Pin Assignment 
for 
DIP, SOIC and Flatpak 


TLIF/9489-3 


IEEE/IEC 


iiR 


CP 


Do 
°0 


0, 
°1 


Oz 
°2 


03 
°3 


O. 
0. 


05 
°5 


TUF/9489-S 


Pin Assignment 
for LCC 


16 
Vcc 


15 
05 


14 
05 


13 
O. 


12 
04 


11 
03 


10 
03 


9 
CP 


DzO,HeO,ilo 
OOlImJrnm 
ozmOmoo 


GNo[Q] 
miiR 
HCI]] 
(JJHC 


CP@ 
Iii!Vcc 


03 jj}] 
!IIDOs 


~[Q]ff§lI!IJ(j]j 


~ 
04 He O. Os 


54F/74F 


Pin Names 
Description 
U.L. 
Input IIHIIIL 
HIGH/LOW 
Output 
IOHIIOL 


Do-Os 
Data Inputs 
1.0/1.0 
20 ",AI-0.6 
mA 
CP 
Clock Pulse Input (Active 
Rising Edge) 
1.0/1.0 
20 ",AI-0.6 
mA 
MR 
Master 
Reset Input (Active 
LOW) 
1.0/1.0 
20 ",A/ -0.6 
mA 
00-05 
Outputs 
50/33.3 
-1 
mA120mA 


Functional Description 


The 
'F174 
consists 
of six edge-triggered 
D flip-flops 
with 
individual 
D inputs and Q outputs. 
The Clock 
(CP) and Mas- 
ter Reset 
(MR) are common 
to all flip-flops. 
Each D input's 
state 
is transferred 
to the 
corresponding 
flip-flop's 
output 
following 
the 
LOW-to-HIGH 
Clock 
(CP) transition. 
A LOW 
input to the 
Master 
Reset 
(MR) will force 
all outputs 
LOW 
independent 
of Clock or Data inputs. The 'F174 
is useful for 
applications 
where 
the true output 
only is required 
and the 
Clock 
and 
Master 
Reset 
are 
common 
to all storage 
ele- 
ments. 


Inputs 
Outputs 


MR 
CP 
On 
an 


L 
x 
X 
L 


H 
-./ 
H 
H 


H 
-./ 
L 
L 


H ~ 
HIGH Voltage Level 


L = LOW Voltage Level 


X = 
Immaterial 


--r = LOW-Ie-HIGH 
Clock Transition 


°0 
TLiF/9489-4 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55"C to + 125"C 
Storage 
Temperature 
- 65"C to + 150"C 
Commercial 
O"Cto 
+70"C 


Ambient 
Temperature 
under Bias 
- 55"C to + 125"C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55"C to + 175"C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 


in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 


TRI-STATEIfi> Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
1wice the rated 10L (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these conditions 
is not implied. 


Note 
2: Either 
voltage 
limit or current 
limit 
is sufficient 
to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 
Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
fLA 
VIN = 2.7V 
Current 
74F 
5.0 
Max 


ISVI 
Input HIGH Current 
54F 
100 
fLA 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 
Max 


ICEX 
Output 
HIGH 
54F 
250 
fLA 
VOUT = Vcc 


Leakage 
Current 
74F 
50 
Max 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9 fLA 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
fLA 
0.0 
VIOD = 150 mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
30 
45 
mA 
Max 


CP = .../ 


On = MR = HIGH 


ICCL 
Power Supply Current 
30 
45 
mA 
Max 
Vo = LOW 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and load 
Configurations 
.1 


74F 
S4F 
74F 


TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SO pF 
CL = SO pF 
Units 
No. 
CL = SOpF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


fmax 
Maximum 
Clock Frequency 
80 
70 
80 
MHz 
2-1 


tpLH 
Propagation 
Delay 
3.5 
5.5 
8.0 
3.0 
10.0 
3.5 
9.0 
2-3 
tpHL 
CPtoOn 
4.0 
7.0 
10.0 
4.0 
12.0 
4.0 
11.0 
ns 


tpHL 
Propagation 
Delay 
5.0 
10.0 
14.0 
5.0 
16.0 
5.0 
15.0 
ns 
2-3 
MR to On 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Mln 
Max 
Mln 
Max 
Min 
Max 


ts(H) 
Setup Time, HIGH or lOW 
4.0 
5.0 
4.0 


ts(l) 
Dn to CP 
4.0 
5.0 
4.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or lOW 
0 
2.0 
0 
th(l) 
Dn to CP 
0 
2.0 
0 


tw(H) 
CP Pulse Width 
4.0 
5.0 
4.0 


twILl 
HIGH or lOW 
6.0 
7.5 
6.0 
ns 
2-4 


twILl 
MR Pulse Width, 
lOW 
5.0 
6.5 
5.0 
ns 
2-4 


tree 
Recovery 
Time, MR to CP 
5.0 
6.0 
5.0 
2-6 
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General Description 
The 'F175 is a high-speed quad D flip-flop. The device is 
useful for general flip-flop requirements where clock and 
clear inputs are common. The information on the D inputs is 
stored during the LOW-to-HIGH clock transition. Both true 
and complemented outputs of each flip-flop are provided. A 
Master Reset input resets all flip-flops, independent of the 
Clock or D inputs, LOW. 


Features 
• 
Edge-triggered D-type inputs 
• 
Buffered positive edge-triggered clock 
• 
Asynchronous common reset 
• 
True and complement output 


Ordering Code: See Section 5 


Logic Symbols 


IEEE/IEC 


iiR 


CP 


0. 


Do 
0. 


0, 


0, 
0, 


0, 
0, 


0, 


0, 
~ 
0, 


TL/F/9490-5 


D. 
0, 
0, 
03 


CP 


WR 


Pin Assignment 
for 
DIP, SOIC and Flatpak 


16 
Yo; 
15 
03 
,. 
03 


13 
03 
12 
0, 


11 
0, 


10 
02 


9 
CP 


Pin Assignment 
forLCC 


O,D,NCI:\)Oo 
[l][!][!)rnm 
GN~:O~~ 
NCITIJ 
[TINC 


CP Iill 
Iiilyo; 
0, Ii] 
Ii]] 
03 


Ii] fj]J[ID 
Ii1JIiID 
o,o,NC~o. 


54F/74F 
Pin Names 
Description 
U.L 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/lOL 


Do-D3 
Data Inputs 
1.0/1.0 
20 ).LA/-0.6 mA 
CP 
Clock Pulse Input (Active Rising Edge) 
1.0/1.0 
20 ).LA/-0.6 mA 
MR 
Master Reset Input (Active LOW) 
1.0/1.0 
20 ).LA/-0.6 mA 
00-03 
True Outputs 
50/33.3 
-1 mA/20mA 
00-03 
Complement Outputs 
50/33.3 
-1 mA/20 mA 
• 


Functional Description 


The 
'F175 
consists 
of four edge-triggered 
D flip-flops 
with 
individual 
D inputs 
and 
Q and Q outputs. 
The 
Clock 
and 
Master 
Reset 
are common. 
The four flip-flops 
will store the 
state of their individual 
D inputs on the LOW-to-HIGH 
clock 
(CP) transition, 
causing 
individual 
Q and Q outputs 
to follow. 


A LOW input on the Master 
Reset (MR) will force 
all Q out- 
puts 
LOW 
and Q outputs 
HIGH 
independent 
of Clock 
or 
Data 
inputs. 
The 
'F175 
is useful 
for general 
logic 
applica- 
tions where 
a common 
Master 
Reset and Clock are accept- 
able. 


Inputs 
Outputs 


MR 
CP 
On 
On 
On 


L 
X 
X 
L 
H 


H 
..-r 
H 
H 
L 


H 
..-r 
L 
L 
H 


H ~ 
HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = 
Immaterial 


-" 
~ 
LOW-to-HIGH 
Clock Transition 


TL/F/9490-4 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-55·C 
to + 175·C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc 
= OV) 
Standard 
Output 
-0.5VtoVcc 
TRI-STATEIil 
Output 
- 0.5V to + 5.5V 


Current 
Applied 
to Output 


in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
IJ-A 
VIN = 2.7V 


Current 
74F 
5.0 
Max 


'BVI 
Input HIGH Current 
54F 
tOO 
IJ-A 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 
Max 


ICEX 
Output 
HIGH 
54F 
250 
IJ-A 
VOUT = Vcc 


Leakage 
Current 
74F 
50 
Max 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9/LA 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
/LA 
0.0 
VI00 = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


Icc 
Power Supply Current 
22.5 
34.0 
mA 
Max 


CP =-./ 


On = MR = HIGH 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S'C 
TA. VCC = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
CL = SOpF 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


fmax 
Maximum 
Clock Frequency 
100 
140 
80 
100 
MHz 
2-1 


tPLH 
Propagation 
Delay 
4.0 
5.0 
6.5 
3.5 
8.5 
4.0 
7.5 
2-3 
CPto 
Qn or <:in 
4.0 
6.5 
8.5 
4.0 
10.5 
4.0 
9.5 
ns 
tpHL 


tpHL 
Propagation 
Delay 
4.5 
9.0 
11.5 
4.5 
15.0 
4.5 
13.0 
ns 
2-3 
MRtoQn 


tpLH 
Propagation 
Delay 
4.0 
6.5 
8.0 
4.0 
11.0 
4.0 
9.0 
ns 
2-3 
MRtoOn 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Mln 
Max 
Mln 
Max 
Mln 
Max 


ts(H) 
Setup Time, HIGH or LOW 
3.0 
3.0 
3.0 


ts(L) 
On to CP 
3.0 
4.0 
3.0 
2-6 
ns 
th(H) 
Hold Time, HIGH or LOW 
1.0 
1.0 
1.0 


th(L) 
On toCP 
1.0 
2.0 
1.0 


tw(H) 
CP Pulse Width 
4.0 
4.0 
4.0 
2-4 
tw(L) 
HIGH or LOW 
5.0 
6.0 
5.0 
ns 


tw(L) 
MR Pulse Width, 
LOW 
5.0 
5.0 
5.0 
ns 
2-4 


tree 
Recovery 
Time, MR to CP 
5.0 
6.0 
5.0 
ns 
2-6 
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54F/74F181 
4-Bit Arithmetic Logic Unit 


General Description 


The 
'F181 
is a 4·bit Arithmetic 
logic 
Unit (ALU) 
which 
can 
perform 
all the possible 
16 logic operations 
on two variables 
and a variety 
of arithmetic 
operations. 
It is 40% 
faster 
than 
the Schottky 
ALU and only consumes 
30% as much power. 


Features 


• 
Full 
lookahead 
for 
high-speed 
arithmetic 
operation 
on 
long words 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


Pin Assignment 
for DIP, SOIC and Flatpak 


Cn 


W 


50 
A·B 
A·B 


5, 


52 


53 


80 
1 
24 
Vcc 


Ao 
2 
23 
A, 


53 
3 
22 
8, 


52 
4 
21 
A2 


5, 
5 
20 
82 


50 
19 
A3 


Cn 
18 
83 


W 
17 
G 


FO 
9 
16 
enU 


F, 
10 
15 
P 


F2 
11 
14 
A.B 


GNO 
12 
13 
F3 


TLIF/9491-1 
0] 
0 ALU 


W31 


4 


Pin Assignment 
forlCC 


FO W cn NC 50 5, 52 
[j] Ij]J[[] ill [I][I] rn 


F,Ii1J 
[±]53 
F2 ~ 
rn Ao 


GNO~ 
ill 80 


NC~ 
[j]NC 


F31IID 
~Vcc 
A·B (jZJ 
Illl A, 
PIIID 
~8, 


\':JIIl(Jl[~:JIOI{JI(-Y 


1fID@I~~11H~~ 
CnH G 83 Ne A3 82 A2 


TLIF/9491-2 


54F/74F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 


HIGH/LOW 
Output 
IOH/IOL 


Ao-A3 
A Operand 
Inputs (Active 
LOW) 
1.013.0 
20 fLA/ -1.8 
mA 


80-83 
B Operand 
Inputs (Active 
LOW) 
1.013.0 
20 fLA! -1.8 
mA 


SO-53 
Function 
Select 
Inputs 
1.0/4.0 
20 fLA! -2.4 
mA 


M 
Mode Control 
Input 
1.0/1.0 
20 fLA! -0.6 
mA 


Cn 
Carry Input 
1.0/5.0 
20 fLA! - 3.0 mA 


1"0-1"3 
Function 
Outputs 
(Active 
LOW) 
50/33.3 
-1 
mA/20mA 


A=B 
Comparator 
Output 
OC*/33.3 
*/20 
mA 
G 
Carry Generate 
Output 
(Active 
LOW) 
50/33.3 
-1 
mA/20mA 
p 
Carry Propagate 
Output 
(Active 
LOW) 
50/33.3 
-1 
mA/20 
mA 


Cn + 4 
Carry Output 
50/33.3 
-1 
mA/20 
mA 


Functional Description 
The 
'F181 
is a 4-bit 
high-speed 
parallel 
Arithmetic 
Logic 
Unit 
(ALU). 
Controlled 
by the 
four 
Function 
Select 
inputs 
(SO-53) 
and the Mode Control 
input (M), it can perform 
all 
the 
16 possible 
logic 
operations 
or 16 different 
arithmetic 
operations 
on Active 
HIGH 
or Active 
LOW operands. 
The 
Function 
Table 
lists these 
operations. 


When 
the Mode 
Control 
input (M) is HIGH, all internal 
car- 
ries are inhibited 
and the device 
performs 
logic operations 
on the individual 
bits as listed. When the Mode Control 
input 
is LOW, 
the carries 
are enabled 
and the device 
performs 
arithmetic 
operations 
on the 
two 
4-bit 
words. 
The 
device 
incorporates 
full internal 
carry 
lookahead 
and provides 
for 
either 
ripple carry between 
devices 
using the Cn + 4 output, 
or for carry look ahead 
between 
packages 
using the signals 
P (Carry 
Propagate) 
and 
G (Carry 
Generate). 
In the 
Add 
mode, P indicates 
that 1" is 15 or more, 
while G indicates 
that 1" is 16 or more. In the Subtract 
mode P indicates 
that 1" 
is zero or less, while G indicates 
that 1" is less than zero. P 
and G are not affected 
by carry 
in. When 
speed 
require- 
ments 
are not stringent, 
the 'F181 
can be used in a simple 
Ripple 
Carry mode 
by connecting 
the Carry output 
(Cn + 4) 
signal to the Carry input (Cn) of the next unit. For high speed 
operation 
the device is used in conjunction 
with a carry look- 
ahead 
circuit. 
One carry 
lookahead 
package 
is required 
for 


each group 
of four 'F181 
devices. 
Carry lookahead 
can be 
provided 
at various 
levels 
and offers 
high speed 
capability 
over extremely 
long word 
lengths. 


The A= B output from the device goes HIGH when all four 1" 
outputs 
are HIGH and can be used to indicate 
logic equiva- 
lence 
over four bits when 
the unit is in the Subtract 
mode. 


The A = B output 
is open 
collector 
and can be wired 
AND 
with other A = B outputs 
to give a comparison 
for more than 
four bits. The A = B signal can also be used with the Cn + 4 
signal to indicate 
A>B 
and A<B. 


The Function 
Table 
lists the arithmetic 
operations 
that 
are 
performed 
without 
a carry in. An incoming 
carry adds a one 
to each 
operation. 
Thus, 
select 
code 
LHHL 
generates 
A 
minus 
B minus 
1 (2s complement 
notation) 
without 
a carry 
in and generates 
A minus 
B when 
a carry 
is applied. 
Be- 
cause 
subtraction 
is actually 
performed 
by complementary 
addition 
(1s complement), 
a carry out means 
borrow; 
thus a 
carry is generated 
when 
there 
is no underflow 
and no carry 
is generated 
when there 
is underflow. 
As indicated, 
this de- 
vice can be used with either 
active 
LOW 
inputs 
producing 
active 
LOW 
outputs 
or with 
active 
HIGH 
inputs 
producing 
active 
HIGH outputs. 
For either case the table lists the oper- 
ations that are performed 
to the operands 
labeled 
inside the 
logic symbol. 


I 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+ 4.5V to + 5.5V 


VCC Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 
TRI-STATE® 
Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10l (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect 
inputs. 


DC Electrical Characteristics 


54F/74F 
~ 


Symbol 
Parameter 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


Vil 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


Vco 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


Val 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10l = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10l = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
VIN = 2.7V 


Current 
74F 
5.0 
JJ-A 
Max 


IBVI 
Input HIGH Current 
54F 
100 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 
JJ-A 
Max 


ICEX 
Output 
HIGH 
54F 
250 
VOUT = Vcc (Fn, G, P, Cn+4) 
Leakage 
Current 
74F 
50 
JJ-A 
Max 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9JJ-A 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
JJ-A 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


III 
Input LOW Current 
-0.6 
VIN = 0.5V (M) 
-1.8 
mA 
VIN = 0.5V (Ao, A1' A3' 80, 81,83) 


-2.4 
Max 
VIN = 0.5V (Sn, A2' 82) 


-3.0 
VIN = 0.5V (Cn) 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV (Fn, G, P, Cn+4) 


10HC 
Open Collector, 
Output 
250 
JJ-A 
Min 
Va = VcdA 
= B) 


OFF Leakage 
Test 


ICCH 
Power Supply Current 
43 
65.0 
mA 
Max 
Va = HIGH 


ICCl 
Power Supply Current 
43 
65.0 
mA 
Max 
Va = LOW 


..•. 
CD 
Table 
5-2 'F181 Operation 
Tables 
..•. 


Logic 
Arithmetic 
Arithmetic 


So 
51 
52 
53 
(M=H) 
(M = L, Co= Inactive) 
(M = L, Co= Active) 


L 
L 
L 
L 
A 
A minus 1 
A 


H 
L 
L 
L 
A-S 
A-Bminus1 
A-B 


L 
H 
L 
L 
A+B 
A- S minus 1 
A-S 


Cn 
CoO. 
H 
H 
L 
L 
Logic "1" 
minus 1 (2s comp.) 
Zero 


W 
L 
L 
H 
L 
A+B 
A plus (A + B) 
A plus (A + B) plus 1 


50 
A=B 
H 
L 
H 
L 
S 
A-Bplus(A 
+ S) 
A - B plus (A + S) plus 1 


'Fl81 
L 
H 
H 
L 
AeB 
A minus B minus 
1 
A minus B 
5, 
H 
H 
H 
L 
A+B 
A+S 
A + Bplus 1 


52 
L 
L 
L 
H 
A-B 
A plus (A + B) 
A plus (A + B plus 1 


53 
H 
L 
L 
H 
AeB 
A plus B 
A plus B plus 1 


L 
H 
L 
H 
B 
A-Bplus(A+B) 
A - B plus (A + B) plus 1 


H 
H 
L 
H 
A+B 
A+B 
A+Bplus1 


a. All Input Data Inverted 
L 
L 
H 
H 
Logic "0" 
A plus A (2 x A) 
A plus A (2 x A) plus 1 


H 
L 
H 
H 
A-B 
A plusA - B 
A plus A - B plus 1 
L 
H 
H 
H 
A-B 
AplusA-S 
A pius A - S plus 1 


H 
H 
H 
H 
A 
A 
A plus 1 


L 
L 
L 
L 
A 
A 
A plus 1 


H 
L 
L 
L 
A+B 
A+B 
A+Bplus1 
L 
H 
L 
L 
A-B 
A+S 
A + S plus 1 


H 
H 
L 
L 
Logic "0" 
minus 1 (2s comp.) 
Zero 


L 
L 
H 
L 
A-B 
A plus (A - B) 
A pius A - S plus 1 


H 
L 
H 
L 
S 
A-Splus(A 
+ B) 
A - B plus (A + B) plus 1 
w 
L 
H 
H 
L 
AeB 
A minus B minus 
1 
A minus B 


50 
A=B 
H 
H 
H 
L 
A-B 
A. B minus 1 
A-S 
'F181 
L 
L 
L 
H 
A+B 
A plusA - B 
A plus A - B plus 1 
5, 


52 
H 
L 
L 
H 
AeB 
A plus B 
A plus B plus 1 
L 
H 
L 
H 
B 
A-Bplus(A 
+ S) 
A - a plus (A + S) plus 1 
53 
H 
H 
L 
H 
A-B 
A. 
B minus 1 
A-B 
L 
L 
H 
H 
Logic "1" 
A plus A (2 X A) 
A plus A (2 x A) plus 1 


H 
L 
H 
H 
A+S 
A plus (A +B) 
A plus (A+ B) plus 1 
b. All Input Data True 
L 
H 
H 
H 
A+B 
A plus (A + S) 
A plus (A+ S) plus 1 
H 
H 
H 
H 
A 
A minus 
1 
A 


L 
L 
L 
L 
A 
A minus 
1 
A 


H 
L 
L 
L 
A+B 
A. B minus 1 
A-B 
L 
H 
L 
L 
A-S 
A. B minus 1 
A-B 
Cn 
CoO. 
H 
H 
L 
L 
Logic "1" 
minus 1 (2s comp.) 
Zero 
w 
L 
L 
H 
L 
A-B 
A plus (A + a) 
A plus (A + B) plus 1 


50 
A=B 
H 
L 
H 
L 
B 
A - S plus (A + B) 
A - B plus (A + a) plus 1 


'Fl81 
L 
H 
H 
L 
AeB 
A plus B 
A plus a plus 1 
5, 


52 
H 
H 
H 
L 
A+B 
A+B 
A + B plus 1 


53 
L 
L 
L 
H 
m 
A plus (A + S) 
A plus (A + S) plus 1 


H 
L 
L 
H 
A"iB 
A minus 
B minus 
1 
A minus B 
L 
H 
L 
H 
S 
A - B plus (A + S) 
A-Bplus(A 
+ B) plus 1 


H 
H 
L 
H 
A+S 
A+S 
A + S plus 1 
c. A Input Data Inverted; 
L 
L 
H 
H 
Logic "0" 
AplusA(2 
x A) 
A plus A (2 x A) plus 1 
B Input Data True 
H 
L 
H 
H 
A-B 
A plusA - S 
A plus A - S plus 1 
L 
H 
H 
H 
A-S 
A plusA - B 
A plus A - a plus 1 
H 
H 
H 
H 
A 
A 
A plus 1 


L 
L 
L 
L 
A 
A 
A plus 1 
H 
L 
L 
L 
A-a 
A+S 
A + B plus 1 
L 
H 
L 
L 
A+B 
A+B 
A + a plus 1 
H 
H 
L 
L 
Logic "0" 
minus 1 (2s comp.) 
Zero 
L 
L 
H 
L 
A+B 
AplusA-a 
A plus A - B plus 1 
H 
L 
H 
L 
a 
A-aplus(A+S) 
A - S plus (A + B) plus 1 


50 
A=B 
L 
H 
H 
L 
m 
A plus a 
A plus B plus 1 


5, 
'F181 
H 
H 
H 
L 
A-B 
AeSminus1 
A-B 


52 
L 
L 
L 
H 
A-S 
AplusA-S 
A plus A - B plus 1 
H 
L 
L 
H 
AeB 
A minus 
B minus 
1 
AminusB 
53 
L 
H 
L 
H 
S 
A - S plus (A + B) 
A - S plus (A + B) plus 1 
H 
H 
L 
H 
A-S! 
A- S minus 1 
A-S 
L 
L 
H 
H 
Logic ",,, 
AplusA(2 
x A) 
A plus A (2 x A) plus 1 • 


d. A Input Data True; 
H 
L 
H 
H 
A+B 
A plus (A +B) 
A plus (A+ S) plus 1 
B Input Date Inverted 
L 
H 
H 
H 
A+B 
A plus (A + B) 
A plus (A+ a) plus 1 
H 
H 
H 
H 
A 
A minus 
1 
A 


74F 
54F 
74F 


TA = +25'C 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
CL = 50pF 
CL = 50 pF 
Units 
No. 
CL = 50 pF 


Path 
Mode 
Mln 
Typ 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
3.0 
6.4 
8.5 
3.0 
10.0 
3.0 
9.5 
2-3 
ns 
tpHL 
Cn to Cn + 4 
3.0 
6.1 
8.0 
3.0 
9.5 
3.0 
9.0 


tpLH 
Propagation 
Delay 
5.0 
10.0 
13.0 
5.0 
15.5 
5.0 
14.0 
2-3 
AorBtoCn 
+ 4 
Sum 
4.0 
9.4 
12.0 
3.5 
16.5 
4.0 
13.0 
ns 
tpHL 


tpLH 
Propagation 
Delay 
5.0 
10.8 
14.0 
5.0 
17.0 
5.0 
15.0 
2-3 
tpHL 
AorBtoCn 
+ 4 
Dil 
5.0 
10.0 
13.0 
4.0 
15.0 
5.0 
14.0 
ns 


tpLH 
Propagation 
Delay 
3.0 
6.7 
8.5 
2.5 
16.0 
3.0 
9.5 
2-3 
ns 
tpHL 
CntoF 
Any 
3.0 
6.5 
8.5 
2.5 
12.0 
3.0 
9.5 


tpLH 
Propagation 
Delay 
3.0 
5.7 
7.5 
2.5 
9.0 
3.0 
8.5 
2-3 
AorBorG 
Sum 
3.0 
5.8 
7.5 
2.5 
9.5 
3.0 
8.5 
ns 
tpHL 


tpLH 
Propagation 
Delay 
3.0 
6.5 
8.5 
2.5 
11.5 
3.0 
9.5 
2-3 
AorBtoG 
Dil 
3.0 
7.3 
9.5 
2.5 
11.0 
3.0 
10.5 
ns 
tpHL 


tpLH 
Propagation 
Delay 
3.0 
5.0 
7.0 
2.5 
8.5 
3.0 
8.0 
2-3 
tpHL 
AorBtoP 
Sum 
3.0 
5.5 
7.5 
3.0 
9.5 
3.0 
8.5 
ns 


tpLH 
Propagation 
Delay 
3.0 
5.8 
7.5 
2.5 
11.0 
3.0 
8.5 
2-3 
tpHL 
AorBtoP 
Dil 
4.0 
6.5 
8.5 
3.0 
11.0 
4.0 
9.5 
ns 


tpLH 
Propagation 
Delay 
3.0 
7.0 
9.0 
3.0 
14.5 
3.0 
10.0 


tpHL 
Aj orB;to 
Fj 
Sum 
3.0 
7.2 
10.0 
3.0 
14.5 
3.0 
10.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
3.0 
8.2 
11.0 
3.0 
17.5 
3.0 
12.0 


tpHL 
AjorBjtoFj 
Dil 
3.0 
5.0 
11.0 
3.0 
14.5 
3.0 
12.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
4.0 
8.0 
10.5 
3.5 
16.5 
4.0 
11.5 


tpHL 
Any A or B to Any F 
Sum 
4.0 
7.8 
10.0 
4.0 
13.5 
4.0 
11.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
4.5 
9.4 
12.0 
3.5 
17.5 
4.5 
13.0 


tpHL 
Any A or B to Any F 
Dil 
3.5 
9.4 
12.0 
3.0 
14.0 
3.5 
13.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
4.0 
6.0 
9.0 
3.5 
14.5 
4.0 
10.0 


tpHL 
AorBtoF 
Logic 
4.0 
6.0 
10.0 
3.0 
15.5 
4.0 
11.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
11.0 
18.5 
27.0 
8.0 
35.0 
11.0 
29.0 


tpHL 
AorBtoA 
= B 
Dil 
6.0 
9.8 
12.5 
5.5 
21.0 
6.0 
13.5 
ns 
2-3 


~National 
~ 
semiconductor 


54F/74F182 
Carry Lookahead Generator 


General Description 


The 'F182 
is a high-speed 
carry 
lookahead 
generator. 
It is 
generally 
used with the 'F181 
or 'F381 4-bit arithmetic 
logic 
units to provide 
high-speed 
lookahead 
over word lengths 
of 
more than four bits. 


Features 


• 
Provides 
lookahead 
carries 
across 
a 
group 
of 
four 
ALUs 


• 
Multi-level 
lookahead 
high-speed 
arithmetic 
operation 
over long word 
lengths 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


Ordering Code: 
See Section 
5 


Logic Symbols 
Connection 
Diagrams 


Pin Assignment 
for 
Pin Assignment 
DIP, SOIC and Flatpak 
for LCC 


P3 G:! NC Po Go 


G1 
1 
16 
Vcc 
[[]m I]J I]:)[I] 


PI 
2 
15 
Pz 


Go 
3 
14 
Gz 
P[[) 
rn PI 


Po 
4 
13 
Cn 
GND ij]] 
rn G1 


G3 
5 
12 
Cn+x 


NC [j] 
OJ NC 


Cn+z IilI 
~VOC 
P3 
6 
11 
Cn+y 
G~ 
ij]) Pz 


P 
7 
10 
G 


GHD 
8 
9 
Cn+z 
1HJ1J]J[§J1llJ[§J 


TLIF/9492-1 
CnoyCn+x HC Cn ~ 


TL/F/9492-2 


Cn 
21 


Po 


Go 


PI 


(;1 


Pz 
(;z 


P3 


(;3 


54F174F 


Pin Names 
Description 
U.L. 
Input IIHIIIL 
HIGH/LOW 
Output 
IOH/IOL 


Cn 
Carry Input 
1.0/2.0 
20 1'-A/-1.2 
mA 
Go,G2 
Carry Generate 
Inputs (Active 
LOW) 
1.0/14.0 
20 1'-A/-8.4 
mA 
G1 
Carry Generate 
Input (Active 
LOW) 
1.0/16.0 
20 1'-A/-9.6 
mA 
G3 
Carry Generate 
Input (Active 
LOW) 
1.0/8.0 
20 1'-A/-4.8 
mA 
150,151 
Carry Propagate 
Inputs (Active 
LOW) 
1.0/8.0 
20 I'-A/ - 4.8 mA 
152 
Carry Propagate 
Input (Active 
LOW) 
1.0/6.0 
20 I'-A/ - 3.6 mA 
153 
Carry Propagate 
Input (Active 
LOW) 
1.0/4.0 
20 I'-A/ - 2.4 mA 
Gn+ll-Gn+z 
Garl) Outputs 
50/33.3 
-1 
mA/20mA 
G 
Carry Generate 
Output 
(Active 
LOW) 
50/33.3 
-1 
mA/20mA 
15 
Carry Propagate 
Output 
(Active 
LOW) 
50/33.3 
-1 
mA/20mA 
• 


The 
'F182 
carry 
lookahead 
generator 
accepts 
up to four 
pairs 
of Active 
LOW 
Carry 
Propagate 
(Po-Pa) 
and 
Carry 
Generate 
(Go-Ga) 
signals 
and an Active 
HIGH Carry input 
(Cn) and provides 
anticipated 
Active 
HIGH carries 
(Cn + x' 
Cn + y, Cn + z) across 
four 
groups 
of 
binary 
~dders. 
The 
'F182 
also 
has Active 
LOW Carry Propagate 
(P) and Carry 
Generate 
(G) outputs 
which 
may be used for further 
levels 
of lookahead. 
The logic equations 
provided 
at the outputs 
are: 


Cn+x 
= Go + PoCn 


Cn+y 
= G1 + P1Go + P1PoCn 


Cn+z 
= G2 + P2G1 + P2P1Go + P2P1PoCn 


G 
= Ga + PaG2 + PaP2G1 + PaP2P1Go 


P 
= P2P2P1Po 


Also, the 'F182 
can be used with binary ALUs 
in an active 
LOW or active 
HIGH input operand 
mode. The connections 
(Figure 
1) to and from the ALU to the carry lookahead 
gen- 
erator 
are identical 
in both 
cases. 
Carries 
are rippled 
be· 
tween 
lookahead 
blocks. 
The critical 
speed path follows 
the 
circled 
numbers. 
There 
are several 
possible 
arrangements 
for the carry 
interconnects, 
but all achieve 
about 
the same 
speed. A 28-bit ALU is formed 
by dropping 
the last 'F181 
or 
'F381. 


Inputs 
Outputs 
Cn 
Go 
Po 
G1 
P1 
G2 
P2 
Ga 
Pa 
Cn+x 
Cn+y 
Cn+z 
G 
P 


X 
H 
H 
L 
L 
H 
X 
L 
X 
L 
X 
H 
H 
X 
L 
H 


X 
X 
X 
H 
H 
L 
X 
H 
H 
H 
X 
L 
L 
H 
X 
f1 
X 
L 
X 
X 
X 
L 
X 
H 
X 
L 
X 
X 
L 
H 
H 
X 
L 
X 
L 
H 


X 
X 
X 
X 
X 
H 
H 
L 
X 
X 
X 
H 
H 
H 
X 
L 
X 
H 
H 
H 
X 
H 
X 
L 
L 
H 
X 
H 
X 
H 
X 
L 
X 
X 
X 
X 
X 
L 
X 
H 
X 
X 
X 
L 
X 
X 
L 
H 
X 
L 
X 
X 
L 
X 
L 
H 
H 
X 
L 
X 
L 
X 
L 
H 


X 
X 
X 
X 
X 
H 
H 
H 
X 
X 
X 
H 
H 
H 
X 
H 
X 
H 
H 
H 
X 
H 
X 
H 
H 
H 
X 
H 
X 
H 
X 
H 
X 
X 
X 
X 
X 
L 
X 
L 
X 
X 
X 
L 
X 
X 
L 
L 
X 
L 
X 
X 
L 
X 
L 
L 
L 
X 
L 
X 
L 
X 
L 
L 


H 
X 
X 
X 
H 
X 
H 
X 
X 
H 
X 
X 
H 
X 
H 
X 
X 
X 
H 
H 
L 
L 
L 
L 
L 


H ~ 
HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 


FIGURE 
1. 32·Bit 
ALU with 
Rippled 
Carry 
between 
16-Bit 
Lookahead 
ALUs 


·ALUs may be either 'F181 or 'F381 


• 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-55'C 
to + 175'C 
Military 
+4.5Vto 
+5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+4.5Vto 
+5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 


TRI-STATEI!> Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 


in LOW State (Max) 
twice the rated IOL (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vce 
2.5 
V 
Min 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vec 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
I-'A 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
I-'A 
Max 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
I-'A 
Max 
VOUT = Vcc 
Leakage 
Current 
74F 
50 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.91-'A 


Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
I-'A 
0.0 
VIOD = 150 mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW 
-1.2 
VIN = 0.5V (Cn) 
Current 
-2.4 
VIN = 0.5V (P3) 


-3.6 
mA 
Max 
VIN = 0.5V (P2) 


-4.8 
VIN = 0.5V (<33, Po, P1) 


-8.4 
VIN = 0.5V (Go. (2) 


-9.6 
VIN = 0.5V (G1) 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
18.4 
28.0 
mA 
Max 
Vo = HIGH 


lecL 
Power Supply Current 
23.5 
36.0 
mA 
Max 
Vo = LOW 


TA = +2S"C 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Cl = SOpF 
Cl = SOpF 
Units 
No. 
Cl = SO pF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
3.0 
6.6 
8.5 
3.0 
12.0 
3.0 
9.5 
2-3 
ns 
tPHL 
Cn to Cn+x• Cn+y, 
Cn+z 
3.0 
6.8 
9.0 
3.0 
11.0 
3.0 
10.0 


tpLH 
Propagation 
Delay 
2.5 
6.2 
8.0 
2.5 
11.0 
2.5 
9.0 
tpHL 
150.151, or 152 to 
1.5 
3.7 
5.0 
1.0 
7.0 
1.5 
6.0 
ns 
2-3 


Cn+x• Cn+y, 
or Cn+z 


tpLH 
Propagation 
Delay 
2.5 
6.5 
8.5 
2.5 
11.0 
2.5 
9.5 
tpHL 
Go. G" 
orG2to 
1.5 
3.9 
5.2 
1.0 
7.0 
1.5 
6.0 
ns 
2-3 


Cn+x, Cn+y• 
or Cn+z 


tpLH 
Propagation 
Delay 
3.0 
7.9 
10.0 
3.0 
12.0 
3.0 
11.0 


tPHL 
151.152, or 153 to G 
3.0 
6.0 
8.0 
2.5 
10.0 
3.0 
9.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
3.0 
8.3 
10.5 
3.0 
12.0 
3.0 
11.5 


tpHL 
GntoG 
3.0 
5.7 
7.5 
2.5 
10.0 
3.0 
8.5 
ns 
2-3 


tpLH 
Propagation 
Delay 
3.0 
5.7 
7.5 
2.5 
10.0 
3.0 
8.5 


tpHL 
PntoP 
2.5 
4.1 
5.5 
2.5 
8.0 
2.5 
6.5 
ns 
2-3 
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54F/74F189 
64-Bit Random Access 
Memory with TRI-STATE® Outputs 


General Description 


The 'F189 
is a high-speed 
64-bit 
RAM organized 
as a 16- 
word by 4-bit array. Address 
inputs are buffered 
to minimize 
loading 
and are fully decoded 
on-chip. 
The outputs 
are TRI- 
STATE 
and are in the high impedance 
state 
whenever 
the 
Chip Select 
(CS) input is HIGH. The outputs 
are active 
only 
in the Read mode and the output 
data is the complement 
of 
the stored 
data. 


Features 


• 
TRI-STATE 
outputs 
for data bus applications 


• 
Buffered 
inputs 
minimize 
loading 


• 
Address 
decoding 
on-chip 


• 
Diode clamped 
inputs 
minimize 
ringing 


• 
Available 
in SOIC, (300 mil only) 


Ordering Code: 
See Section 
5 


Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 
Pin Assignment 
for LCC 


01 00 NC Do WE 
rnl2J[§][]]0 
G~~~O~~ 
NC [j] 
[TINC 


02[j]] 
GGVcc 


02 [j] 
IIIDA, 


[1J1IID1J]]1J]!IID 


~~NCA3~ 


Ao 
1 
16 
vcc 
Cs 
2 
15 
A1 


WE 
3 
14 
A2 


°0 
4 
13 
A3 


°0 
5 
12 
°3 
TL/F/9493-1 
°1 
6 
11 
°3 


IEEE/IEC 
°1 
7 
10 
°2 


GNO 
8 
9 
°2 
RA~16X4 


Ao }\ 


TlIF/9493-2 


A1 


A2 


A3 
Cs 


WE 


°0 
°0 


°1 
0, 


°2 
°2 


°3 
°3 


TL/F/9493-4 


54F/74F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/lOL 


Ao-A3 
Address 
Inputs 
1.0/1.0 
20 jJ.AI-0.6 
mA 


CS 
Chip Select 
Input (Active 
LOW) 
1.0/1.0 
20 jJ.A/-1.2 
mA 


WE 
Write Enable 
Input (Active 
LOW) 
1.0/1.0 
20 jJ.AI-0.6 
mA 
00-03 
Data Inputs 
1.0/1.0 
20 jJ.AI-0.6 
mA 
00-03 
Inverted 
Data Outputs 
150/40 
(33.3) 
-3.0 
mA/24 
mA (20 mAl 


Inputs 
Operation 
Condition 
of Outputs 


CS 
WE 


L 
L 
Write 
High Impedance 
L 
H 
Read 
Complement 
of Stored 
Data 


H 
X 
Inhibit 
High Impedance 


H ~ 
HIGH Voltage Level 
L ~ LOW Vo~age Level 


X = Immaterial 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-55'C 
to + 175'C 
Military 
+ 4.5V to + 5.5V 


Vee 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vee = OV) 
Standard 
Output 
-0.5Vto 
Vee 
TRI-STATE 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
;s not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VeD 
,Input 
Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vee 
2.5 
10H = -1 
mA 


Voltage 
54F 10% Vee 
2.4 
10H = -3mA 


74F 10% Vee 
2.5 
V 
Min 
10H = -1 
mA 


74F 10% Vee 
2.4 
10H = -3 
mA 


74F5% 
Vee 
2.7 
10H = -1 
mA 


74F5% 
Vee 
2.7 
10H = -3 
mA 


VOL 
Output 
LOW 
54F 10% Vee 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vee 
0.5 
10L = 24 mA 


IIH 
Input HIGH 
54F 
20.0 
/LA 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
/LA 
Max 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 


leEX 
Output 
HIGH 
54F 
250 
/LA 
Max 
VOUT = Vee 
Leakage 
Current 
74F 
50 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9 /LA 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
/LA 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V (except 
CS) 


-1.2 
VIN = 0.5V (CS) 


10lH 
Output 
Leakage 
Current 
50 
/LA 
Max 
VOUT = 2.7V 


lOlL 
Output 
Leakage 
Current 
-50 
/LA 
Max 
VOUT = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


III 
Bus Drainage 
Test 
500 
/LA 
O.OV 
VOUT = 5.25V 


leel 
Power Supply Current 
37 
55 
mA 
Max 
Vo = HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2SoC 


°TA'VCC 
= Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SO pF 
CL = SOpF 
Units 
No. 
CL = SOpF 


Mln 
Typ 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Access 
Time, HIGH or LOW 
10.0 
18.5 
26.0 
9.0 
32.0 
10.0 
27.0 
2-3 
An to On 
8.0 
13.5 
19.0 
8.0 
23.0 
8.0 
20.0 
ns 
tpHL 


tpZH 
Access 
Time, HIGH or LOW 
3.5 
6.0 
8.5 
3.5 
10.5 
3.5 
9.5 
2-5 
tpZL 
CStoOn 
5.0 
9.0 
13.0 
5.0 
15.0 
5.0 
14.0 
ns 


tpHZ 
Disable Time, HIGH or LOW 
2.0 
4.0 
6.0 
2.0 
8.0 
2.0 
7.0 


tpLZ 
CStoOn 
3.0 
5.5 
8.0 
2.5 
10.0 
3.0 
9.0 
ns 
2-5 


tpZH 
Write Recovery 
Time, 
6.5 
15.0 
28.0 
6.5 
37.5 
6.5 
29.0 
2-5 
HIGH or LOW WE to On 
6.5 
11.0 
15.5 
6.5 
17.5 
6.5 
16.5 
ns 
tpZL 


tpHZ 
Disable Time, HIGH or LOW 
4.0 
7.0 
10.0 
3.5 
12.0 
4.0 
11.0 
2-5 
tpLZ 
WE to On 
5.0 
9.0 
13.0 
5.0 
15.0 
5.0 
14.0 
ns 


AC Operating 
Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2SoC 


°TA. VCC = Mil 
TA. VCC = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Min 
Max 
Min 
Max 
Min 
Max 


tslH) 
Setup Time, HIGH or LOW 
0 
0 
0 


tslL) 
AntoWE 
0 
0 
0 
ns 
2-6 
thlH) 
Hold Time, HIGH or LOW 
2.0 
2.0 
2.0 


th(L) 
An to WE 
2.0 
2.0 
2.0 


tslH) 
Setup Time, HIGH or LOW 
10.0 
11.0 
10.0 


tslL) 
DntoWE 
10.0 
11.0 
10.0 
ns 
2-6 
thlH) 
Hold Time, HIGH or LOW 
0 
2.0 
a 


thlL) 
Dn to WE 
0 
2.0 
0 


tslL) 
Setup Time, LOW 
0 
0 
0 
CStoWE 
ns 
2-6 
thlL) 
Hold Time, LOW 
6.0 
7.5 
6.0 
CStoWE 


twlL) 
WE Pulse Width, 
LOW 
6.0 
5.5 
6.0 
ns 
2-4 


'TA ~ 
-40'Cto 
+ 12S'C 
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54F/74F190 
Up/Down 
Decade Counter with Preset and Ripple Clock 


General Description 
The 'F190 is a reversible BCD (8421) decade counter fea- 
turing synchronous counting and asynchronous presetting. 
The preset feature allows the 'F190 to be used in program- 
mable dividers. The Count Enable input, the Terminal Count 
output and the Ripple Clock output make possible a variety 
of methods of implementing multistage counters. In the 
counting modes, state changes are initiated by the rising 
edge of the clock. 


Features 
• 
High-speed-125 
MHz typical count frequency 
• 
Synchronous counting 
• 
Asynchronous parallel load 
• 
Cascadable 


Ordering Code: See Section 5 


Logic Symbols 


Pin Assignment 
for 
DIP, SOIC and Flatpak 
Pin Assignment 
forLCC 


o,u/Il Nt Ii 
<lo 
rnmoomm~~:o~~; 
NC ITIl 
[TINC 


P3 jj]] 
I1!!vcc 


P21i] 
Ii]] 
Po 


1Hl1IID1i]J1!1J1i]] 
PlltNCRCCP 


RC 
PI 
16 
Vcc 


TC 
01 
15 
Po 


Do 
14 
CP 
cr 
13 
RC 


TLiF/9494-1 
u/o 
12 
TC 


02 
11 
Pi: 
IEEEIIEC 
03 
10 
P2 


a: 
GNo 
9 
P3 


UID 
TC 
TLiF/9494-2 


CP 
RC 
Pi: 


Po 
Do 


P, 
0, 


P2 
O2 


P3 
°3 


TL/F/9494-4 


54F/74F 


Pin Names 
Description 
U.L. 
Input IIHIIIL 
HIGH/LOW 
Output 
IOHIIOL 


CE 
Count Enable Input (Active LOW) 
1.0/3.0 
20 ".AI-1.8 
mA 
CP 
Clock Pulse Input (Active Rising Edge) 
1.0/1.0 
20".AI -0.6 mA 
Po-Ps 
Parallel Data Inputs 
1.0/1.0 
20 ".AI -0.6 mA 
PL 
Asynchronous Parallel Load Input (Active LOW) 
1.0/1.0 
20".AI -0.6 mA 
U/D 
Up/Down Count Control Input 
1.0/1.0 
20".AI -0.6 mA 
oo-os 
Flip-Flop Outputs 
50/33.3 
-1 mAl20mA 
RC 
Ripple Clock Output (Active LOW) 
50/33.3 
-1 mAl20mA 
TC 
Terminal Count Output (Active HIGH) 
50/33.3 
-1 mA/20 mA 


Functional Description 
The 'F190 is a synchronous upldown BCD decade counter 
containing four edge-triggered flip-flops, with internal gating 
and steering logic to provide individual preset, count-up and 
count-down operations. It has an asynchronous parallel 
load capability permitting the counter to be preset to any 
desired number. When the Parallel Load (PL) input is LOW, 
information present on the Parallel Data inputs (PO-P3) is 
loaded into the counter and appears on the Q outputs. This 
operation overrides the counting functions, as indicated in 
the Mode Select Table. A HIGH signal on the CE input inhib- 
its counting. When CE is LOW, internal state changes are 
initiated synchronously by the LOW-to-HIGH transition of 
the clock input. The direction of counting is determined by 
the DID input signal, as indicated in the Mode Select Table, 
CE and DID can be changed with the clock in either state, 
provided only that the recommended setup and hold times 
are observed. 


Inputs 
Output 


CE 
TC· 
CP 
RC 


L 
H 
l...J 
l...J 


H 
X 
X 
H 
X 
L 
X 
H 


·TC 
is generated 
internally 
H ~ 
HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = 
Immaterial 


../ 
= LOW-to-HIGH 
Clock Transition 
L.J ~ LOW Pulse 


Two types of outputs are provided as overflowlunderflow 
indicators. The Terminal Count (TC) output is normally LOW 
and goes '~IGH when a circuit reaches zero in the count- 
down mod", or reaches 9 in the count-up mode. The TC 
output will then remain HIGH until a state change occurs, 
whether by counting or presetting or until DID is changed. 
The TC ouHput should not be used as a clock signal be- 
cause it is slJbject to decoding spikes. The TC signal is also 
used interm Illy to enable the Ripple Clock (RC) output. The 
RC output is normally HIGH. When CE is LOW and TC is 
HIGH, the FiG output will go LOW when the clock next goes 
LOW and vviII stay LOW until the clock goes HIGH again. 
This featur e simplifies the design of multistage counters. 
For a discuIssion and illustrations of the various methods of 
implementi ng multistage counters, please see the 'F191 
data sheet. 


Inputs 
Mode 
PL 
CE 
U/O 
CP 


H 
L 
L 
....r 
Count Up 
H 
L 
H 
....r 
CountDown 
L 
X 
X 
X 
Preset (Asyn.) 
H 
H 
X 
X 
No Change (Hold) 


TL/F/9494-6 


Please note that this diagram is provided only for the undl :trstanding of logic operations and should not be used to estimate propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Saies 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
-65'C 
to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5Vto 
Vcc 


TRI-STATEI!) 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10l (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


V,H 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


V,l 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
I'N = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% VCC 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10l = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10l = 20 mA 


I'H 
Input HIGH 
54F 
20.0 
J-LA 
V,N = 2.7V 


Current 
74F 
5.0 
Max 


IBVI 
Input HIGH Current 
54F 
100 
J-LA 
V,N = 7.0V 


Breakdown 
Test 
74F 
7.0 
Max 


ICEX 
Output 
HIGH 
54F 
250 
J-LA 
VOUT = Vcc 


Leakage 
Current 
74F 
50 
Max 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
1,0 = 1.9J-LA 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
J-LA 
0.0 
V,OO = 150mV 
Circuit Current 
All Other Pins Grounded 


I,l 
Input LOW Current 
-0.6 
mA 
V,N = 0.5V, except 
CE 


-1.8 
Max 
V,N = 0.5V, CE 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCl 
Power Supply Current 
38 
55 
mA 
Max 
Vo = LOW 
• 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and load 
Configurations 


74F 
S4F 
74F 


TA = +2S"C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Cl = SOpF 
Cl = SOpF 
Units 
No. 
Cl = SOpF 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


fmax 
Maximum 
Clock Frequency 
100 
125 
75 
90 
MHz 
2-1 


tpLH 
Propagation 
Delay 
3.0 
5.5 
7.5 
3.0 
9.5 
3.0 
8.5 


tpHL 
CPtoQn 
5.0 
8.5 
11.0 
5.0 
13.5 
5.0 
12.0 
2-3 
ns 


tpLH 
Propagation 
Delay 
6.0 
10.0 
13.0 
6.0 
16.5 
6.0 
14.0 


tpHL 
CPtoTC 
5.0 
8.5 
11.0 
5.0 
13.5 
5.0 
12.0 


tpLH 
Propagation 
Delay 
3.0 
5.5 
7.5 
3.0 
9.5 
3.0 
8.5 


tpHL 
CPtoRC 
3.0 
5.0 
7.0 
3.0 
9.0 
3.0 
8.0 
2-3 
ns 


tpLH 
Propagation 
Delay 
3.0 
5.0 
7.0 
3.0 
9.0 
3.0 
8.0 


tpHL 
CEtoRC 
3.0 
5.5 
7.0 
3.0 
9.0 
3.0 
8.0 


tpLH 
Propagation 
Delay 
7.0 
11.0 
18.0 
7.0 
22.0 
7.0 
20.0 


tpHL 
DID 
to RC 
5.5 
9.0 
12.0 
5.5 
14.0 
5.5 
13.0 
2-3 
ns 
tpLH 
Propagation 
Delay 
4.0 
7.0 
10.0 
4.0 
13.5 
4.0 
11.0 


tpHL 
DID 
to TC 
4.0 
6.5 
10.0 
4.0 
12.5 
4.0 
11.0 


tpLH 
Propagation 
Delay 
3.0 
4.5 
7.0 
3.0 
9.0 
3.0 
8.0 
2-3 
tpHL 
PntoQn 
6.0 
10.0 
13.0 
6.0 
16.0 
6.0 
14.0 
ns 


tpLH 
Propagation 
Delay 
5.0 
8.5 
11.0 
5.0 
13.0 
5.0 
12.0 
2-3 
tpHl 
PltoQn 
5.5 
9.0 
12.0 
5.5 
14.5 
5.5 
13.0 
ns 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S"C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Mln 
Max 
Mln 
Max 
Mln 
Max 


ts(H) 
Setup Time, HIGH or lOW 
4.5 
6.0 
5.0 
ts(l) 
Pn to Pl 
4.5 
6.0 
5.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or lOW 
2.0 
2.0 
2.0 
th(l) 
Pn to Pl 
2.0 
2.0 
2.0 


ts(l) 
Setup Time, lOW 
10.0 
10.5 
10.0 
CEtoCP 
ns 
2-6 
th(l) 
Hold Time, lOW 
0 
0 
0 
CEtoCP 


ts(H) 
Setup Time, HIGH or lOW 
12.0 
12.0 
12.0 
ts(l) 
D/DtoCP 
12.0 
12.0 
12.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or lOW 
0 
0 
0 
th(l) 
D/DtoCP 
0 
0 
0 


twILl 
Pl Pulse Width, 
lOW 
6.0 
8.5 
6.0 
ns 
2-4 


twILl 
CP Pulse Width, lOW 
5.0 
7.0 
5.0 
ns 
2-4 


tree 
Recovery 
Time Pl to CP 
6.0 
7.5 
6.0 
ns 
2-6 


~National 
~ 
semiconductor 


54F/74F191 
Up/Down 
Binary Counter with Preset and Ripple Clock 


General Description 


The 'F191 
is a reversible 
modul0-16 
binary counter 
featur- 
ing 
synchronous 
counting 
and 
asynchronous 
presetting. 


The preset 
feature 
allows 
the 'F191 
to be used in program- 
mable dividers. 
The Count 
Enable 
input, the Terminal 
Count 
output 
and Ripple 
Clock 
output 
make 
possible 
a variety 
of 
methods 
of implementing 
multistage 
counters. 
In the count- 
ing modes, 
state changes 
are initiated 
by the rising edge of 
the clock. 


Features 


• 
High-Speed-125 
MHz typical 
count 
frequency 


• 
Synchronous 
counting 


• 
Asynchronous 
parallel 
load 


• 
Cascadable 


Ordering Code: 
See Section 
5 


Logic Symbols 


Pin Assignment 
for 
DIP, SOIC and Flatpak 
Pin Assignment 
for LCC 


~Ujt)NC 
CE 00 
[!][!J[!J rn rn 
~~~o~~; 
NC(jjJ 
[j]NC 


P3 fj]J 
I11!vcc 
Pz Ii] 
IiIDPo 


fl]@1iID1i1I1iID 
PlTCNCRCCP 


RC 
P, 
1 
16 
Vcc 
TC 
°1 
2 
15 
Po 


°0 
3 
14 
CP 
cr 
4 
13 
RC 
TLiF/9495-1 
u/o 
5 
12 
TC 


IEEE/IEC 
°2 
6 
11 
Pi: 


°3 
7 
10 
Pz 


CE 
GNo 
8 
9 
P3 


Ujt) 
TC 
Tl/F/9495-2 


CP 


RC 


Pi: 


Po 
°0 
P, 
Q, 
Pz 
°z 
P3 
OJ 


TLiF/9495-4 


54F174F 


Pin Names 
Description 
U.L. 
Input IIHIIIL 
HIGH/LOW 
Output 
IOH"OL 


CE 
Count Enable 
Input (Active 
LOW) 
1.013.0 
20 IJoAl-1.8 
mA 
CP 
Clock Pulse Input (Active 
Rising Edge) 
1.0/1.0 
20 IJoAl- 0.6 mA 
PO-P3 
Parallel 
Data Inputs 
1.0/1.0 
20 IJoAl-0.6 
mA 
PL 
Asynchronous 
Parallel Load Input (Active 
LOW) 
1.0/1.0 
20 IJoAl- 0.6 mA 
U/D 
Up/Down 
Count Control 
Input 
1.0/1.0 
20 IJoAl- 0.6 mA 
00-03 
Flip-Flop 
Outputs 
50/33.3 
-1 
mAl20 
mA 
RC 
Ripple Clock Output 
(Active 
LOW) 
50/33.3 
-1 
mAl20 
mA 
TC 
Terminal Count Output (Active HIGH) 
50/33.3 
-1 
mA/20 
mA 
• 


Functional Description 


The 'F191 
is a synchronous 
up/down 
4-bit binary counter. 
It 
contains 
four 
edge-triggered 
flip-flops, 
with 
internal 
gating 
and steering 
logic to provide 
individual 
preset, 
count-up 
and 
count-down 
operations. 


Each 
circuit 
has an asynchronous 
parallel 
load 
capability 
permitting 
the counter 
to be preset 
to any desired 
number. 


When the Parallel 
Load (PL) input is LOW, information 
pres- 
ent on the 
Parallel 
Data 
inputs 
(PO-P3) is loaded 
into the 
counter 
and appears 
on the Q outputs. 
This operation 
over- 


rides the counting 
functions, 
as indicated 
in the 
Mode 
Se- 
lect Table. 


A HIGH signal on the CE input inhibits counting. 
When CE is 
LOW, internal 
state changes 
are initiated 
synchronously 
by 
the LOW-to-HIGH 
transition 
of the clock 
input. The direction 
of counting 
is determined 
by the % 
input signal, 
as indi- 
cated 
in the 
Mode 
Select 
Table. 
CE 
and 
% 
can 
be 
changed 
with the clock in either state, provided 
only that the 
recommended 
setup and hold times 
are observed. 


Two 
types 
of outputs 
are provided 
as overflow/underflow 
indicators. 
The Terminal 
Count (TC) output 
is normally 
LOW 
and goes 
HIGH when 
a circuit 
reaches 
zero 
in the count- 
down 
mode 
or reaches 
15 in the count-up 
mode. 
The TC 
output 
will then 
remain 
HIGH 
until a state 
change 
occurs, 
whether 
by counting 
or presetting 
or until % 
is changed. 
The 
TC output 
should 
not 
be used 
as a clock 
signal 
be- 
cause 
it is subject 
to decoding 
spikes. 


The TC signal 
is also 
used 
internally 
to enable 
the 
Ripple 
Clock 
(RC) output. 
The RC output 
is normally 
HIGH. When 
CE is LOW 
and TC is HIGH, 
the 
RC output 
will go LOW 
when 
the clock 
next goes 
LOW and will stay LOW until the 
clock 
goes HIGH again. This feature 
simplifies 
the design of 
multistage 
counters, 
as indicated 
in Figures 
1 and 2. In Fig- 
ure 1, each RC output 
is used as the clock 
input for the next 
higher stage. This configuration 
is particularly 
advantageous 
when the clock 
source 
has a limited drive capability, 
since it 
drives 
only the first stage. To prevent 
counting 
in all stages 
it is only 
necessary 
to inhibit 
the first stage, 
since 
a HIGH 
signal on CE inhibits the RC output pulse, as indicated 
in the 
RC Truth 
Table. 
A disadvantage 
of this 
configuration, 
in 
some applications, 
is the timing skew between 
state chang- 
es in the first and last stages. 
This represents 
the cumula- 
tive 
delay 
of the clock 
as it ripples 
through 
the preceding 
stages. 


A method 
of causing 
state changes 
to occur simultaneously 
in all stages 
is shown 
in Figure 2. All clock 
inputs are driven 


in parallel 
and the RC outputs 
propagate 
the carry/borrow 
signals 
in ripple fashion. 
In this configuration 
the LOW state 
duration 
of the clock 
must be long enough 
to allow the neg- 
ative-going 
edge of the carry/borrow 
signal to ripple through 
to the last stage 
before 
the clock 
goes 
HIGH. There 
is no 
such 
restriction 
on the 
HIGH 
state 
duration 
of the 
clock, 
since the RC output 
of any device 
goes 
HIGH shortly 
after 
its CP input goes HIGH. 


The 
configuration 
shown 
in Figure 3 avoids 
ripple 
delays 
and their 
associated 
restrictions. 
The CE input for a given 
stage 
is formed 
by combining 
the TC signals 
from 
all the 
preceding 
stages. 
Note 
that 
in order 
to inhibit 
counting 
an 
enable 
signal must be included 
in each carry gate. The sim- 
ple inhibit 
scheme 
of Figures 
1 and 
2 doesn't 
apply, 
be- 


cause 
the TC output 
of a given 
stage 
is not affected 
by its 
own CEo 


Inputs 
Mode 
PL 
CE 
U/O 
CP 


H 
L 
L 
../ 
Count Up 


H 
L 
H 
../ 
CountDown 


L 
X 
X 
X 
Preset (Asyn.) 


H 
H 
X 
X 
No Change 
(Hold) 


Inputs 
Output 


CE 
TC' 
CP 
RC 


L 
H 
-U- 
-U- 


H 
X 
X 
H 
X 
L 
X 
H 


·TC 
is generated 
internally 
H ~ 
HIGH Voltage Level 
L ~ 
LOW Vollage 
Level 


X = Immaterial 
.../" 
~ LOW-Io-HIGH 
Clock Transilion 
LJ' - 
LOW Pulse 


TL/F/9495-5 


Please note that this diagram is provided only 10rthe understanding 
of logic operations and should not be used to estimate propagation 
delays. 


TLIF/9495-7 


FIGURE 2. Synchronous n-Stage Counter Using Ripple Carry/Borrow 


DIRECTION 


CONTROL 


ENABLE 
• 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
-65'C 
to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+ 4.5V to + 5.5V 


Vee Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vee = OV) 
Standard 
Output 
-0.5Vto 
Vee 
TRI-STATE@Output 
- 0.5V to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device 
may 
be damaged or have its useful Hfe impaired. Functional operation under 


these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current 
limit is sufficient to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 


Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VeD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vee 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vee 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
Vee 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vee 
0.5 
V 
Min 
10L = 20mA 


Voltage 
74F 10% Vee 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
/-LA 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
/-LA 
Max 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 


leEX 
Output 
HIGH 
54F 
250 
/-LA 
Max 
Your 
= Vee 
Leakage 
Current 
74F 
50 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.9 /-LA, 


Test 
All Other Pins Grounded 


laD 
Output 
Leakage 
74F 
3.75 
/-LA 
0.0 
VIOD = 150mV 


Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V (except 
CE) 


-1.8 
VIN = 0.5V (CE) 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
Your 
= OV 


Ice 
Power Supply Current 
38 
55 
mA 
Max 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Cl = SOpF 
Cl = SOpF 
Units 
No. 
Cl = SOpF 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


fmax 
Maximum 
Count Frequency 
100 
125 
75 
90 
MHz 
2-1 


tpLH 
Propagation 
Delay 
3.0 
5.5 
7.5 
3.0 
9.5 
3.0 
8.5 


tpHL 
CP to On 
5.0 
8.5 
11.0 
5.0 
13.5 
5.0 
12.0 
2-3 
ns 


tpLH 
Propagation 
Delay 
6.0 
10.0 
13.0 
6.0 
16.5 
6.0 
14.0 


tpHL 
CP to TC 
5.0 
8.5 
11.0 
5.0 
13.5 
5.0 
12.0 


tPLH 
Propagation 
Delay 
3.0 
5.5 
7.5 
3.0 
9.5 
3.0 
8.5 


tpHL 
CPto 
RC 
3.0 
5.0 
7.0 
3.0 
9.0 
3.0 
8.0 
2-3 
ns 


tpLH 
Propagation 
Delay 
3.0 
5.0 
7.0 
3.0 
9.0 
3.0 
8.0 


tPHL 
CEtoRC 
3.0 
5.5 
7.0 
3.0 
9.0 
3.0 
8.0 


tpLH 
Propagation 
Delay 
7.0 
11.0 
18.0 
7.0 
22.0 
7.0 
20.0 


tpHL 
UlDtoRC 
5.5 
9.0 
12.0 
5.5 
14.0 
5.5 
13.0 
2-3 
ns 


tpLH 
Propagation 
Delay 
4.0 
7.0 
10.0 
4.0 
13.5 
4.0 
11.0 


tpHL 
D/DtoTC 
4.0 
6.5 
10.0 
4.0 
12.5 
4.0 
11.0 


tpLH 
Propagation 
Delay 
3.0 
4.5 
7.0 
3.0 
9.0 
3.0 
.8.0 


tpHL 
Pn to On 
6.0 
10.0 
13.0 
6.0 
16.0 
6.0 
14.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
5.0 
8.5 
11.0 
5.0 
13.0 
5.0 
12.0 
2-3 
tpHL 
PL to On 
5.5 
9.0 
12.0 
5.5 
14.5 
5.5 
13.0 
ns 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Mln 
Max 
Mln 
Max 
Mln 
Max 


ts(H) 
Setup Time, HIGH or LOW 
4.5 
6.0 
5.0 


ts(L) 
Pn to PL 
4.5 
6.0 
5.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
2.0 
2.0 
2.0 


th(L) 
Pn to PL 
2.0 
2.0 
2.0 


ts(L) 
Setup Time LOW 
10.0 
10.5 
10.0 
CEtoCP 
ns 
2-6 
th(L) 
Hold Time LOW 
0 
0 
CE to CP 
0 


ts(H) 
Setup Time, HIGH or LOW 
12.0 
12.0 
12.0 


ts(L) 
DID 
to CP 
12.0 
12.0 
12.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
0 
0 
0 
th(L) 
D/DtoCP 
0 
0 
0 


tw(L) 
PL Pulse Width 
LOW 
6.0 
8.5 
6.0 
ns 
2-4 


tw(L) 
CP Pulse Width LOW 
5.0 
7.0 
5.0 
ns 
2-4 


tree 
Recovery 
Time 
6.0 
7.5 
6.0 
2-6 
PL toCP 
ns • 


~National 
~ 
semiconductor 


54F/74F192 
Up/Down 
Decade Counter 
with Separate Up/Down 
Clocks 


General Description 


The 'F192 
is an up/down 
BCD decade 
(8421) counter. 
Sep- 
arate 
Count 
Up and Count 
Down 
Clocks 
are used, 
and in 
either 
counting 
mode 
the 
circuits 
operate 
synchronously. 


The outputs 
change 
state 
synchronously 
with the LOW-to- 
HIGH transitions 
on the clock 
inputs. 


Separate 
Terminal 
Count Up and Terminal 
Count 
Down out· 
puts are used as the clocks 
for a subsequent 
stage without 
extra logic, thus simplifying 
multistage 
counter 
designs. 
Indi- 
vidual 
preset 
inputs 
allow 
the circuit 
to be used 
as a pro- 
grammable 
counter. 
Both 
the 
Parallel 
Load 
(PL) and 
the 
Master 
Reset 
(MR) 
inputs 
asynchronously 
override 
the 
clocks. 


P, 
16 
Vcc 


°1 
15 
Po 


°0 
14 
~R 


TL/F/9496-3 
CPo 
13 
'feo 


CPu 
12 
'feu 
IEEE/IEC 
°2 
" 
PI: 


CTROIV10 
°3 
10 
P2 


~R 
CT=O 
GND 
9 
P3 


CPu 
feu 
TL/F/9496-1 


CPo 
feo 


PI: 


Po 
00 


P, 
0, 


P2 
°2 
P3 
°3 


TLIF/9496-6 


Pin Assignment 
for 
DIP, SOIC and Flatpak 
Pin Assignment 
for LCC 


02 Cl'u NC Cl'o 00 
[ID[l][ID[[Jm 
G~~:O~~1' 
NC ITIl 
rnNC 


P31i1l 
I1QIvcc 
P21J]] 
[IDpo 


~[ID[IDITIl[ID 
Pi: Ttu NC fCo ~R 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


CPu 
Count Up Clock Input (Active 
Rising Edge) 
1.0/3.0 
20 MAI-1.8 
mA 


CPo 
Count Down Clock Input (Active 
Rising Edge) 
1.0/3.0 
20 MAl - 1.8 mA 
MR 
Asynchronous 
Master Reset Input (Active 
HIGH) 
1.0/1.0 
20 MA/ -0.6 
mA 
PL 
Asynchronous 
Parallel Load Input (Active 
LOW) 
1.0/1.0 
20 MAI- 
0.6 mA 


PO-P3 
Parallel 
Data Inputs 
1.0/1.0 
20 MAI- 
0.6 mA 
00-03 
Flip-Flop 
Outputs 
50/33.3 
-1 
mA/20mA 


TCD 
Terminal 
Count Down (Borrow) 
Output (Active 
LOW) 
50/33.3 
-1 
mA/20 
mA 


TCu 
Terminal 
Count Up (Carry) Output 
(Active 
LOW) 
50/33.3 
-1 
mA120mA 


Functional Description 


The 'F192 
is an asynchronously 
presettable 
decade 
coun- 


ter. 
It contains 
four 
edge-triggered 
flip-flops, 
with 
internal 
gating 
and steering 
logic to provide 
master 
reset, 
individual 
preset, 
count 
up and count 
down 
operations. 


A LOW-to-HIGH 
transition 
on the CP input to each flip-flop 
causes 
the output 
to change 
state. 
Synchronous 
switching, 


as opposed 
to ripple 
counting, 
is achieved 
by driving 
the 
steering 
gates 
of all stages 
from 
a common 
Count 
Up line 
and a common 
Count 
Down 
line, thereby 
causing 
all state 
changes 
to 
be 
initiated 
simultaneously. 
A 
LOW-to-HIGH 
transition 
on the Count 
Up input will advance 
the count 
by 
one; 
a similar 
transition 
on the Count 
Down 
input 
will de- 
crease 
the count 
by one. While 
counting 
with one clock 
in- 
put, 
the 
other 
should 
be 
held 
HIGH, 
as indicated 
in the 
Function 
Table. 
Otherwise, 
the 
circuit 
will either 
count 
by 
twos or not at all, depending 
on the state of the first flip-flop, 
which 
cannot 
toggle 
as long as either 
clock 
input is LOW. 


The 
Terminal 
Count 
Up (TCu) 
and 
Terminal 
Count 
Down 
(TCo) 
outputs 
are 
normally 
HIGH. 
When 
the 
circuit 
has 
reached 
the maximum 
count state 9, the next HIGH-to-LOW 
transition 
of the Count 
Up Clock will cause 
TCu to go LOW. 


TCu will stay 
LOW until CPu goes 
HIGH again, 
thus effec- 
tively 
repeating 
the 
Count 
Up Clock, 
but 
delayed 
by two 
gate delays. 
Similarly, 
the TCo output will go LOW when the 
circuit 
is in the zero state 
and the Count 
Down 
Clock 
goes 
LOW. 
Since 
the 
TC outputs 
repeat 
the 
clock 
waveforms, 


they 
can 
be used 
as the 
clock 
input 
signals 
to the 
next 
higher order 
circuit 
in a multistage 
counter. 


TCu = 00· 
03 • CPu 


TCo = 00 • 01 • 02 • 03 • CPD 
The 'F192 
has an asynchronous 
parallel 
load capability 
per- 
mitting 
the 
counter 
to be preset. 
When 
the 
,Parallel 
Load 
(PL) and the Master 
Reset 
(MR) inputs 
are LOW, 
informa- 
tion 
present 
on the 
Parallel 
Data 
input 
(Po-Ps) 
is loaded 
into the counter 
and appears 
on the outputs 
regardless 
of 
the 
conditions 
of the 
clock 
inputs. 
A HIGH 
sillnal 
on the 
Master 
Reset 
input 
will disable 
the 
preset 
gatos, 
override 
both clock inputs, and latch each a output in the LOW state. 
If one of the clock 
inputs 
is LOW during and aft'3r a reset or 


load 
operation, 
the 
next 
LOW-to-HIGH 
transition 
of 
that 
clock 
will 
be interpreted 
as a legitimate 
signal 
and will be 
counted. 


Mode 


Reset (Asyn.) 


Preset (Asyn.) 


No Change 


Count Up 


CountDown 


CPo 


X 


X 


H 


H 
.-/ 


CPu 


X 


X 


H 
.-/ 


H 


H = HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X :. Immaterial 
J' 
= LOW-to-HIGH Clock Transition 


-- 
COUNT UP 


- - - - - 
COUNT DOWN 


Logic Diagral!1 
'Co 
(CAllRY) 


J 
So 
Q 


Cl' 


K 
Co 
Q 


TL/F/9496-5 


Please note that this diagram is provided only for the understanding 
of logic operations 
and should not be used to estimate propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
-65·C 
to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55·C to + 175·C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+4.5Vto 
+5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 
TRI-STATEGl> Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current 
limit is sufficient 
to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


Vco 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20mA 


IIH 
Input HIGH 
54F 
20.0 
J.LA 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
J.LA 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 
Max 


ICEX 
Output 
HIGH 
54F 
250 
J.LA 
VOUT = Vcc 
Leakage 
Current 
74F 
50 
Max 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9 J.LA 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
J.LA 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V, Except CPu, CPo 
-1.8 
VIN = 0.5V, CPu• CPo 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCL 
Power Supply Current 
38 
55 
mA 
Max 
Vo = LOW 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
CL = SOpF 


Mln 
Typ 
Max 
Mln 
Max 
Min 
Max 


fmax 
Maximum 
Clock Frequency 
100 
125 
75 
90 
MHz 
2-1 


tpLH 
Propagation 
Delay CPu or 
4.0 
7.0 
9.0 
4.0 
10.5 
4.0 
10.0 
2-3 
tpHL 
CPo to TCu or TCo 
3.5 
6.0 
8.0 
3.5 
9.5 
3.5 
9.0 
ns 


tpLH 
Propagation 
Delay 
4.0 
6.5 
8.5 
4.0 
10.0 
4.0 
9.5 
2-3 
ns 
tpHL 
CPu or CPo to an 
5.5 
9.5 
12.5 
5.5 
14.0 
5.5 
13.5 


tpLH 
Propagation 
Delay 
3.0 
4.5 
7.0 
3.0 
8.5 
3.0 
8.0 
2-3 
tpHL 
Pn to an 
6.0 
11.0 
14.5 
6.0 
16.5 
6.0 
15.5 
ns 


tpLH 
Propagation 
Delay 
5.0 
8.5 
11.0 
5.0 
13.5 
5.0 
12.0 
2-3 
tpHL 
PLtoan 
5.5 
10.0 
13.0 
5.5 
15.0 
5.5 
14.0 
ns 


tPHL 
Propagation 
Delay 
6.5 
11.0 
14.5 
6.5 
16.0 
6.5 
15.5 
MR to an 


tpLH 
Propagation 
Delay 
6.0 
10.5 
13.5 
6.0 
15.0 
6.0 
14.5 
ns 
2-3 
MRtoTCu 


tpHL 
Propagation 
Delay 
7.0 
11.5 
14.5 
7.0 
16.0 
7.0 
15.5 
MRtoTCo 


tpLH 
Propagation 
Delay 
7.0 
12.0 
15.5 
7.0 
18.5 
7.0 
16.5 


tpHL 
PL to TCu or TCo 
7.0 
11.5 
14.5 
7.0 
17.5 
7.0 
15.5 
ns 
2-3 


tpLH 
Propagation 
Delay 
7.0 
11.5 
14.5 
7.0 
16.5 
7.0 
15.5 


tpHL 
Pn to TCu or TCo 
6.5 
11.0 
14.0 
6.5 
16.5 
6.5 
15.0 
ns 
2-3 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Min 
Max 
Mln 
Max 
Mln 
Max 


ts(H) 
Setup Time, HIGH or LOW 
4.5 
6.0 
5.0 


ts(L) 
Pn to PL 
4.5 
6.0 
5.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
2.0 
2.0 
2.0 


th(L) 
Pn to PL 
2.0 
2.0 
2.0 


tw(L) 
PL Pulse Width, 
LOW 
6.0 
7.5 
6.0 
ns 
2-4 


tw(L) 
CPu or CPo 
5.0 
7.0 
5.0 
2-4 
Pulse Width, 
LOW 
ns 


tw(L) 
CPu or CPo 
Pulse Width, 
LOW 
10.0 
12.0 
10.0 
ns 
2-4 
(Change 
of Direction) 


tw(H) 
MR Pulse Width, 
HIGH 
6.0 
6.0 
6.0 
ns 
2-4 


tree 
Recovery 
Time 
6.0 
8.0 
6.0 
2-6 
PL to CPu or CPo 
ns 


tree 
Recovery 
Time 
4.0 
4.5 
4.0 
2-6 
MR to CPu or CPo 
ns 


~National 
~ 
semiconductor 


54F/74F193 
Up/Down 
Binary Counter 
with Separate Up/Down 
Clocks 


General Description 


The 'F193 
is an up/down 
modul0-16 
binary counter. 
Sepa- 


rate 
Count 
Up and 
Count 
Down 
Clocks 
are used, 
and 
in 
either 
counting 
mode 
the 
circuits 
operate 
synchronously. 


The outputs 
change 
state 
synchronously 
with the 
LOW-to- 
HIGH 
transitions 
on 
the 
clock 
inputs. 
Separate 
Terminal 
Count 
Up and Terminal 
Count 
Down 
outputs 
are provided 
that are used as the clocks 
for subsequent 
stages 
without 
extra 
logic, 
thus 
simplifying 
multi-stage 
counter 
designs. 


Individual 
preset 
inputs 
allow 
the 
circuit 
to be used 
as a 
programmable 
counter. 
Both the Parallel 
Load (PL) and the 
Master 
Reset 
(MR) 
inputs 
asynchronously 
override 
the 
clocks. 


Features 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


Ordering Code: 
See Section 
5 


Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 
Pin Assignment 
forlCC 


~ 
CPu NC CPo 00 


oomm~ill~~:o~~; 
NC IDJ 
[I)NC 


P31ilJ 
lii!vcc 


P2 Ii]] 
fj]Jpo 


~§1I§J1i1J1I§J 
PLTeuNCTCnl4R 


CPu 
TCu 
PI 
16 
Vcc 


CPo 
TCo 
01 
15 
Po 


WR 
00 
0, 
02 
03 
00 
14 
WR 


CPo 
13 
TeD 
TUF/9497-1 
CPu 
12 
feu 


IEEE/IEC 
O2 
11 
Pi: 


03 
10 
P2 


GND 
9 
P3 


WR 


CPu 
lCT=15 
Teu 
TLiF/9497-2 


CPo 


lCT=O 
fCo 


Pi: 


Po 
(.) 
°0 


PI 
(2) 
01 


P2 
(4) 
O2 


P3 
(8) 
°3 
Tl/F/9497-4 


54F174F 


Pin Names 
Description 
U.L. 
Input 
IIH/IIL 
HIGH/lOW 
Output 
JOH/IOL 


CPu 
Count Up Clock Input (Active 
Rising Edge) 
1.013.0 
20 ",AI-1.8 
mA 
CPD 
Count Down Clock Input (Active 
Rising Edge) 
1.013.0 
20 ",AI-1.8 
mA 
MR 
Asynchronous 
Master 
Reset Input (Active 
HIGH) 
1.0/1.0 
20 ",AI -0.6 
mA 
PL 
Asynchronous 
Parallel Load Input (Active 
LOW) 
1.0/1.0 
20 ",AI -0.6 
mA 
PO-P3 
Parallel 
Data Inputs 
1.0/1.0 
20 ",AI -0.6 
mA 
00-03 
Flip-Flop 
Outputs 
50/33.3 
-1 
mAl20mA 
TCD 
Terminal 
Count Down (Borrow) 
Output 
(Active 
LOW) 
50/33.3 
-1 
mA/20mA 


TCu 
Terminal 
Count Up (Carry) Output (Active 
LOW) 
50/33.3 
-1 
mAl20mA 


Functional Description 
The 'F193 is a 4-bit binary synchronous up/down (revers- 
ible) counter. It contains four edge-triggered flip-flops, with 
internal gating and steering logic to provide master reset, 
individual preset, count up and count down operations. 
A LOW-to-HIGH transition on the CP input to each flip-flop 
causes the output to change state. Synchronous switching, 
as opposed to ripple counting, is achieved by driving the 
steering gates of all stages from a common Count Up line 
and a common Count Down line, thereby causing all state 
changes to be initiated simultaneously. A LOW-to-HIGH 
transition on the Count Up input will advance the count by 
one; a similar transition on the Count Down input will de- 
crease the count by one. While counting with one clock in- 
put, the other should be held HIGH, as indicated in the 
Function Table. 
The Terminal Count Up (TCu) and Terminal Count Down 
(TCD) outputs are normally HIGH. When the circuit has 
reached the maximum count state 15, the next HIGH-to- 
LOW transition of the Count Up Clock will cause TCu to go 
LOW. TCu will stay LOW until CPu goes HIGH again, thus 
effectively repeating the Count Up Clock, but delayed by 
two gate delays. Similarly,the TCDoutput will go LOW when 
the circuit is in the zero state and the Count Down Clock 
goes LOW. Since the TC outputs repeat the clock wave- 
forms, they can be used as the clock input signals to the 
next higher order circuit in a multistage counter. 


TCu = 00· 
01 • 02 • 03 • CPu 


TCD = 00 • 01 • 02 • 03 • CPD 
The 'F193 has an asynchronous parallel load capability per- 
mitting the counter to be preset. When the Parallel Load 
(PL) and the Master Reset (MR) inputs are LOW, informa- 
tion present on the Parallel Data input (PO-P3) is loaded 
into the counter and appears on the outputs regardless of 
the conditions of the clock inputs. A HIGH signal on the 
Master Reset input will disable the preset gates, override 
both clock inputs, and latch each 0 output in the LOW state. 


If one of the clock inputs is LOW during and after a reset or 
load operation, the next LOW-to-HIGH transition of that 
clock will be interpreted as a legitimate signal and will be 
counted. 


MR 
PL 
CPu 
CPo 
Mode 


H 
X 
X 
X 
Reset (Asyn.) 
L 
L 
X 
X 
Preset (Asyn.) 
L 
H 
H 
H 
No Change 
L 
H 
....r 
H 
Count Up 
L 
H 
H 
....r 
CountDown 


H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 
X = Immaterial 
....r ~ LOW-lo-HIGH 
Clock Transition 


-- 
COUNT UP 


- - - - •. 
COUNT DOWN 


Logic Diagram 


feu 


(CARRY) 


TLIF/9497-6 


Please note that this diagram is provided only for the understanding 
of logic operations and should not be used to estimate propagation 
delays. 
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So 
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So 
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Absolute Maximum Ratings 
(Note 1) 


If Military/Aerospace specified devices are required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors for availability and specifications. 


Storage 
Temperature 
- 65'C to + 150'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 


Junction 
Temperature 
under Bias 
-55'C 
to + 175'C 


Vcc 
Pin Potential 
to 
Ground 
Pin 


Input Voltage 
(Note 2) 


Input Current 
(Note 2) 


Voltage 
Applied 
to Output 


in HIGH State 
(with Vcc 
= OV) 
Standard 
Output 
TRI-STATE@ 
Output 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 1: Absolute 
maximum 
ratings are values beyond which the device 
may 


be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current 
limit is sufficient to protect 
inputs. 


Recommended 
Operating 
Conditions 


Free Air Ambient 
Temperature 
Military 
Commercial 


Supply 
Voltage 
Military 
Commercial 


- 55'C to + 125'C 
O'Cto 
+70'C 


+ 4.5V to + 5.5V 
+ 4.5V to + 5.5V 


-0.5Vto 
+7.0V 


-0.5Vto 
+7.0V 


-30 
mA to +5.0 
mA 


-0.5Vto 
VCC 


- 0.5V to + 5.5V 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
Vcc 
2.7 
, 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
J-LA 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
J-LA 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
J-LA 
Max 
VOUT = Vcc 


Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9 J-LA 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
J-LA 
0.0 
VIOO = 150 mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V (MR, PL, Pn) 


-1.8 
VIN = 0.5V (CPu• CPO) 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


Icc 
Power Supply Current 
38 
55 
mA 
Max 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Cl = SOpF 
Cl = SO pF 
Units 
No. 
Cl = SOpF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


fmax 
Maximum 
Count Frequency 
100 
125 
75 
90 
MHz 
2-1 


tpLH 
Propagation 
Delay 
4.0 
7.0 
9.0 
4.0 
10.5 
4.0 
10.0 


tpHL 
CPu orCPoto 
3.5 
6.0 
8.0 
3.5 
9.5 
3.5 
9.0 
ns 
2-3 


TCu orTCo 


tpLH 
Propagation 
Delay 
4.0 
6.5 
8.5 
3.5 
10.0 
4.0 
9.5 
2-3 
ns 
tpHL 
CPu or CPO to an 
5.5 
9.5 
12.5 
5.5 
14.0 
5.5 
13.5 


tpLH 
Propagation 
Delay 
3.0 
4.5 
7.0 
3.0 
8.5 
3.0 
8.0 
2-3 
ns 
tpHL 
PntoOn 
6.0 
11.0 
14.5 
6.0 
16.5 
6.0 
15.5 


tpLH 
Propagation 
Delay 
5.0 
8.5 
11.0 
5.0 
13.5 
5.0 
12.0 
2-3 
PL to an 
14.0 
ns 
tpHL 
5.5 
10.0 
13.0 
5.5 
15.0 
5.5 


tpHL 
Propagation 
Delay 
5.5 
11.0 
14.5 
5.0 
16.0 
5.5 
15.5 
MR to an 


tpLH 
Propagation 
Delay 
6.0 
10.5 
13.5 
5.0 
15.0 
6.0 
14.5 
ns 
2-3 
MRtoTCu 


tpHL 
Propagation 
Delay 
6.0 
11.5 
14.5 
6.0 
16.0 
6.0 
15.5 
MRtoTCo 


tpLH 
Propagation 
Delay 
7.0 
12.0 
15.5 
7.0 
18.5 
7.0 
16.5 
2-3 
tpHL 
PL to TCU or TCo 
7.0 
11.5 
14.5 
6.0 
17.5 
7.0 
15.5 
ns 


tpLH 
Propagation 
Delay 
7.0 
11.5 
14.5 
6.0 
16.5 
7.0 
15.5 
2-3 
tpHL 
Pn to TCU or TCo 
6.5 
11.0 
14.0 
5.0 
16.5 
6.5 
15.0 
ns 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Min 
Max 
Min 
Max 
Min 
Max 


ts(H) 
Setup Time, HIGH or LOW 
4.5 
6.0 
5.0 
ts(L) 
Pn to PL 
4.5 
6.0 
5.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
2.0 
2.0 
2.0 
th(L) 
Pn to PL 
2.0 
2.0 
2.0 


tw(L) 
PL Pulse Width, 
LOW 
6.0 
7.5 
6.0 
ns 
2-4 


tw(L) 
CPu orCPo 
5.0 
7.0 
5.0 
2-4 
Pulse Width, 
LOW 
ns 


tw(L) 
CPu orCPo 


Pulse Width, 
LOW 
10.0 
12.0 
10.0 
ns 
2-4 


(Change 
of Direction) 


tw(H) 
MR Pulse Width, HIGH 
6.0 
6.0 
6.0 
ns 
2-4 


tree 
Recovery 
Time 
6.0 
8.0 
6.0 
2-6 
PL to CPu or CPo 
ns 


tree 
Recovery 
Time 
4.0 
4.5 
4.0 
2-6 
MR to CPu or CPo 
ns • 


~National 
~ 
semiconductor 


54F/74F194 
4-Bit Bidirectional Universal Shift Register 


Features 


• 
Typical 
shift frequency 
of 150 MHz 


• 
Asynchronous 
master 
reset 


• 
Hold (do nothing) 
mode 
• 
Fully synchronous 
serial or parallel 
data transfers 


General Description 


The 'F194 
is a high-speed 
4-bit bidirectional 
universal 
shift 
register. 
As a high-speed, 
multifunctional, 
sequential 
build- 
ing block, 
it is useful in a wide variety 
of applications. 
It may 
be used 
in serial-serial, 
shift 
left, shift 
right, 
serial-parallel, 
parallel-serial, 
and 
parallel-parallel 
data 
register 
transfers. 


The 'F194 
is similar in operation 
to the 'F195 
universal 
shift 
register, 
with 
added 
features 
of shift 
left without 
external 
connections 
and hold (do nothing) 
modes 
of operation. 


Pin Assignment 
forLCC 
IEEE/IEC 
Pin Assignment 
for 
DIP, SOIC and Flatpak 


iiR 
SRG. 


Mil 
,6 
Vel: 
So 
OsR 
,5 
°0 
s, 


Po 
,. 
0, 
CP 
P, 
,3 
0, 


P, 
" 
°3 
OsR 
',.0 
°0 
P3 
11 
CP 
Po 
3,.0 
OsL 
'0 
S, 
P, 
3,.0 
0, 
GNo 
9 
So 
P, 
3,.0 
0, 


P, 
3,.0 
0, 
TL/F/9498-1 
DsL 
',.0 


TLIF/9498-5 


Po P, 
P2 P3 
DsL 


DsR 


So 


S, 


CP 


P, 
P, NC P, Po 
[!] fI][!l lID [iJ 


DsLlIDOlIDOsR 
GNo IIID 
rn Mil 


NC (j] 
[TINC 
SolJ1l 
I!l!Vcc 
s,lm 
I!IDOo 


1BJ1lIDfi]J1!1J1!ID 
CP a, NC0, 0, 


54F174F 
Pin 
Description 
Names 
U.L. 
Input 
IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


So, Sl 
Mode Control 
Inputs 
1.0/1.0 
20 I'-A/ - 0.6 mA 
PO-P3 
Parallel Data Inputs 
1.0/1.0 
20 I'-A/ - 0.6 mA 


DSR 
Serial Data Input (Shift Right) 
1.0/1.0 
20 1'-A/-0.6 
mA 


DSL 
Serial Data Input (Shift Left) 
1.0/1.0 
20 1'-A/-0.6 
mA 


CP 
Clock Pulse Input (Active Rising Edge) 
1.0/1.0 
20 I'-A/ -0.6 
mA 


MR 
Asynchronous 
Master 
Reset Input (Active 
LOW) 
1.0/1.0 
20 1'-A/-0.6 
mA 
00-03 
Parallel Outputs 
50/33.3 
-1 
mA/20 
mA 


Functional Description 


The 'F194 
contains 
four edge-triggered 
D flip-flops 
and the 
necessary 
interstage 
logic 
to synchronously 
perform 
shift 
right, 
shift 
left, 
parallel 
load 
and 
hold 
operations. 
Signals 
applied 
to the Select 
(So, S1) inputs 
determine 
the type of 
operation, 
as shown 
in the Mode 
Select 
Table. 
Signals 
on 
the Select, 
Parallel 
data (PO-P3) and Serial data (DSR, Dsu 


inputs 
can change 
when the clock 
is in either 
state, 
provid· 
ed only that the recommended 
setup 
and hold times, 
with 
respect 
to the clock 
rising edge, 
are observed. 
A LOW sig- 
nal on 
Master 
Reset 
(MR) 
overrides 
all other 
inputs 
and 
forces 
the outputs 
LOW. 


Operating 
Inputs 
Outputs 


Mode 
MR 
51 
50 
DSR 
DSL 
Pn 
Qo 
Q1 
Q2 
Q3 


Reset 
L 
X 
X 
X 
X 
X 
L 
L 
L 
L 


Hold 
H 
X 
X 
X 
Qo 
Q1 
Q2 
Q3 


Shift Left 
H 
h 
X 
r 
X 
Q1 
Q2 
Q3 
L 


H 
h 
X 
h 
X 
Q1 
Q2 
Q3 
H 


Shift Right 
H 
h 
r 
X 
X 
L 
Qo 
Q1 
Q2 
H 
h 
h 
X 
X 
H 
Qo 
Q1 
Q2 


Parallel Load 
H 
h 
h 
X 
X 
Pn 
Po 
P1 
P2 
P3 


H (h) ~ High Voltage Level 


L (I) ~ Low Vollage 
Level 


Pn (qn) = Lower case letters indicate the state of the referenced 
input (or output) one setup time prior to the LOW-Ie-HIGH 
clock transition. 


X = Immaterial 


Tl/F/9498-4 


Please note that this diagram is provided only for the understanding 
of logic operations and should not be used to estimate propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 


If Military/Aerospace 
specified 
devices 
are 
required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors 
for availability 
and specifications. 


Storage 
Temperature 
- 65'C to + 150'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 


Junction 
Temperature 
under Bias 
-55'C 
to + 175'C 


Vcc 
Pin Potential 
to 
Ground 
Pin 


Input Voltage 
(Note 2) 


Input Current 
(Note 2) 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc 
= OV) 
Standard 
Output 
TRI·STATE@ 
Output 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


Recommended 
Operating 
Conditions 


Free Air Ambient 
Temperature 
Military 
Commercial 


Supply 
Voltage 
Military 
Commercial 


-55'C 
to + 125'C 
O"Cto 
+70'C 


+ 4.5V to + 5.5V 
+ 4.5V to + 5.5V 


-0.5Vto 
+7.0V 


-0.5V 
to + 7.0V 


-30 
mA to + 5.0 mA 


-0.5VtoVcC 


-0.5Vto 
+5.5V 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 
Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
!LA 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
!LA 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
!LA 
Max 
Your = Vcc 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9 !LA 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
!LA 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10S 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
Your = OV 


Icc 
Power Supply Current 
33 
46 
mA 
Max 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SO pF 
CL = SO pF 
Units 
No. 


CL = SOpF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


fmax 
Maximum 
Shift Frequency 
105 
150 
90 
90 
MHz 
2-1 


tpLH 
Propagation 
Delay 
3.5 
5.2 
7.0 
3.0 
6.5 
3.5 
6.0 
2-3 
ns 
tpHL 
CPtoQn 
3.5 
5.5 
7.0 
3.0 
6.5 
3.5 
6.0 


tpHL 
Propagation 
Delay 
4.5 
6.6 
12.0 
4.5 
14.5 
4.5 
14.0 
ns 
2-3 
MRtoQn 


AC Operating 
Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Min 
Max 
Min 
Max 
Min 
Max 


tslH) 
Setup Time, HIGH or LOW 
4.0 
6.0 
4.0 


tslL) 
Pn or DSR or DSL to CP 
4.0 
4.0 
4.0 
2-6 
ns 
th(H) 
Hold Time, HIGH or LOW 
1.0 
1.5 
1.0 


thlL) 
Pn or DSR or DSL to CP 
0 
1.0 
1.0 


tslH) 
Setup Time, HIGH or LOW 
10.0 
10.5 
11.0 


tslL) 
Sn toCP 
6.0 
6.0 
8.0 
2-6 
ns 
thlH) 
Hold Time, HIGH or LOW 
0 
0 
0 


thlL) 
SntoCP 
0 
0 
0 


twlH) 
CP Pulse Width, 
HIGH 
5.0 
5.5 
5.5 
ns 
2-4 


twlL) 
MR Pulse Width, 
LOW 
5.0 
5.0 
5.0 
ns 
2-4 


tree 
Recovery 
Time MR to CP 
9.0 
9.0 
11.0 
ns 
2-6 


• 
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54F/74F219 
64-Bit Random Access Memory with TRI-STATE® 
Outputs 


General Description 


The 
'F219 
is a 
high-speed 
64-bit 
RAM 
organized 
as 
a 
16-word 
by 4-bit array. Address 
inputs are buffered 
to mini- 
mize loading 
and are fully decoded 
on-chip. 
The outputs 
are 
TRI-STATE 
and are in the high-impedance 
state whenever 
the Chip Select 
(CS) input is HIGH. The outputs 
are active 
only in the Read 
mode. 
This device 
is similar 
to the 'F189 
but features 
non-inverting, 
rather 
than 
inverting, 
data 
out- 
puts. 


Features 


• 
TRI-STATE 
outputs 
for data bus applications 


• 
Buffered 
inputs 
minimize 
loading 


• 
Address 
decoding 
on-chip 


• 
Diode clamped 
inputs 
minimize 
ringing 


• 
Available 
in SOIC (300 mil only) 


Pin Assignment 
for 
Pin Assignment 
DIP, SOIC and Flatpak 
forlCC 


01 00 He 00 WE 
Ao 
1 
16 
Vcc 
[[)m[!]rnrn 
cs 
2 
15 
A1 
•••••••••• 


WE 
3 
1. 
A2 
°llIJ 
rncs 


Do • 
13 
A3 
GNO [j]J 
mAo 


°0 
5 
12 
03 
NC IJ] 
[j]NC 


°21l1l 
~VCC 
01 
6 
11 
°3 
°2~ 
IIIDAI 
°1 
7 
10 
O2 


GNO 
8 
9 
°2 
~I!ID[§]IIZIIIID 


TL/F/9500-1 
°3~HeA3Az 
TUF/9500-2 
TUF/9500-3 


54F174F 


Pin Names 
Description 
U.L 
Input IIH/IIL 
HIGH/lOW 
Output 
IOH/IOL 


Ao-A3 
Address 
Inputs 
1.0/1.0 
20 !-,AI-0.6 
mA 


CS 
Chip Select 
Input (Active 
LOW) 
1.0/2.0 
20 !-,AI-l.2 
mA 


WE 
Write Enable 
Input (Active 
LOW) 
1.0/1.0 
20!-,AI-0.6mA 
00-03 
Data Inputs 
1.0/1.0 
20!-,AI-0.6mA 
00-03 
TRI-STATE 
Data Outputs 
150/40 
(33.3) 
-3 
mAl24 
mA (20 mAl 


Inputs 
Operation 
Condition 
of Outputs 
CS 
WE 


L 
L 
Write 
High Impedance 


L 
H 
Read 
True Stored 
Data 


H 
X 
Inhibit 
High Impedance 


H ~ 
HIGH Voltage Level 
L ~ 
LOW Vonage Level 


X = Immaterial 


• 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5Vto 
Vcc 
TRI-STATE 
Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated IOL (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either 
voltage 
limit or current 
limit 
is sufficient 
to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 
Voltage 
54F 10% Vcc 
2.4 
10H = -3 
mA 


74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 10% Vcc 
2.4 
10H = -3 
mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -3 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20mA 
Voltage 
74F 10% Vcc 
0.5 
10L = 24mA 


IIH 
Input HIGH 
54F 
20.0 
J'oA 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
J'oA 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
J'oA 
Max 
VOUT = Vcc 


Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9J'oA 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
J'oA 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW 
-0.6 
mA 
Max 
VIN = 0.5V (An, WE, On) 
Current 
-1.2 
VIN = 0.5V (CS) 


10lH 
Output 
Leakage 
Current 
50 
J'oA 
Max 
VOUT = 2.7V 


lOlL 
Output 
Leakage 
Current 
-50 
J'oA 
Max 
VOUT = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


III 
Bus Drainage 
Test 
500 
J'oA 
O.OV 
VOUT = 5.25V 


Icc 
Power Supply Current 
37 
55 
mA 
Max 


74F 
S4F 
74F 


TA = +2S"C 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Cl = SOpF 
Cl = SO pF 
Units 
No. 
Cl = SO pF 


Mln 
Typ 
Max 
Min 
Max 
Min 
Max 


tplH 
Access 
Time, HIGH or LOW 
10.0 
18.5 
26.0 
9.0 
32.0 
10.0 
27.0 
2-3 
ns 
tpHl 
An toOn 
8.0 
13.5 
19.0 
8.0 
23.0 
8.0 
20.0 


tpZH 
Access 
Time, HIGH or LOW 
3.5 
6.0 
8.5 
3.5 
10.5 
3.5 
9.5 


tpZl 
CStoOn 
5.0 
9.0 
13.0 
5.0 
15.0 
5.0 
14.0 
2-5 
ns 


tpHZ 
Disable Time, HIGH or LOW 
2.0 
4.0 
6.0 
2.0 
8.0 
2.0 
7.0 


tPlZ 
CStoOn 
3.0 
5.5 
8.0 
2.5 
10.0 
3.0 
9.0 


tpZH 
Write Recovery 
Time 
6.5 
20.0 
28.0 
6.5 
37.5 
6.5 
29.0 


tpZl 
HIGH or LOW, WE to On 
6.5 
11.0 
15.5 
6.5 
17.5 
6.5 
16.5 
2-5 
ns 


tpHZ 
Disable Time, HIGH or LOW 
4.0 
7.0 
10.0 
3.5 
12.0 
4.0 
11.0 


tPlZ 
WE to On 
5.0 
9.0 
13.0 
5.0 
15.0 
5.0 
14.0 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S"C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Mln 
Max 
Mln 
Max 
Mln 
Max 


ts(H) 
Setup Time, HIGH or LOW 
0 
0 
0 


ts(L) 
AntoWE 
0 
0 
0 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
2.0 
2.0 
2.0 


th(L) 
AntoWE 
2.0 
2.0 
2.0 


ts(H) 
Setup Time, HIGH or LOW 
10.0 
11.0 
10.0 


ts(L) 
DntoWE 
10.0 
11.0 
10.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
0 
2.0 
0 


th(L) 
DntoWE 
0 
2.0 
0 


ts(L) 
Setup Time, LOW 
0 
0 
0 
CStoWE 
ns 
2-6 
th(L) 
Hold Time, LOW 
6.0 
7.5 
6.0 
CStoWE 


tw(L) 
WE Pulse Width, 
LOW 
6.0 
7.5 
6.0 
ns 
2-4 
• 
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54F/74F240·54F/74F241·54F/74F244 
Octal Buffers/Line 
Drivers with TRI-STATE® Outputs 


General Description 


The 'F240, 
'F241 
and 'F244 
are octal 
buffers 
and line driv- 
ers designed 
to be employed 
as memory 
and address 
driv- 


ers, 
clock 
drivers 
and 
bus-oriented 
transmitters/receivers 
which 
provide 
improved 
PC and board density. 


Features 


• 
TRI-STATE 
outputs 
drive 
bus 
lines 
or 
buffer 
memory 
address 
registers 


• 
Outputs 
sink 64 mA (48 mA mil) 


• 
12 mA source 
current 
• 
Input clamp 
diodes 
limit high-speed 
termination 
effects 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


Ordering Code: 
See Section 5 


Connection 
Diagrams 


'F240 


Pin Assignment 
Pin Assignment 
for LCC 
for DIP, SOIC and Flatpak 
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'F244 
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Logic Symbols 


IEEE/IEC 
IEEEIIEC 


'F240 
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°0 
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0, 
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°2 
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IEEEIIEC 
'F244 


54F/74F 


Pin Names 
Description 
U.L. 
Input 
IIHIIIL 
HIGH/LOW 
Output 
IOHIIOL 


0E1,0E2 
TRI-STATE 
Output 
Enable 
Input (Active 
LOW) 
1.0/1.667 
20 fLA/-1 
mA 


OE2 
TRI-STATE 
Output 
Enable Input (Active HIGH) 
1.0/1.667 
20 fLA/-l 
mA 
10-17 
Inputs ('F240) 
1.0/1.661' 
20 fLA/-l 
mA 
10-17 
Inputs ('F241 , 'F244) 
1.0/2.661' 
20 fLA/-l.6 
mA 
()0-07, 
00-07 
Outputs 
600/106.6 
(80) 
-12 
mA/64 
mA (48 mAl 


OE1 
D1n 
°1n 
OE2 
D2n 
°2n 


H 
X 
Z 
H 
X 
Z 


L 
H 
L 
L 
H 
L 


L 
L 
H 
L 
L 
H 


OE1 
D1n 
°1n 
OE2 
D2n 
02n 


H 
X 
Z 
H 
X 
Z 


L 
H 
H 
L 
H 
H 


L 
L 
L 
L 
L 
L 


H ~ HIGH Voltage level 
l 
~ lOW Voltage level 


X = 
Immaterial 
Z ~ High Impedance 
OE1 
D1n 
°1n 
OE2 
D2n 
02n 


H 
X 
Z 
L 
X 
Z 
L 
H 
H 
H 
H 
H 


L 
L 
L 
H 
L 
L 
• 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
-SS'C 
to + 12S'C 
Storage 
Temperature 
-6S'C 
to + 1S0'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- SS'C to + 12S'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-SS'Cto 
+ 17S'C 
Military 
+ 4.SV to + S.SV 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.SV to + S.SV 


Ground 
Pin 
-O.SVto 
+7.0V 


Input Voltage 
(Note 2) 
-O.SVto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-O.SVtoVcc 
TRI-STATE 
Output 
-O.SVto 
+S.SV 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated IOL (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings afe values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
S4F 10% Vcc 
2.4 
10H = -3mA 
Voltage 
S4F 10% Vcc 
2.0 
10H = -12mA 


74F 10% Vcc 
2.4 
V 
Min 
10H = -3 
mA 
74F 10% Vcc 
2.0 
10H = -1SmA 
74FS% 
Vcc 
2.7 
10H = -3mA 


VOL 
Output 
LOW 
S4F 10% Vcc 
0.55 
V 
Min 
10L = 48 mA 
Voltage 
74F 10% Vcc 
0.55 
tOL = 64 mA 


IIH 
Input HIGH 
S4F 
20.0 
I-'A 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


IBVI 
Input HIGH Current 
S4F 
100 
I-'A 
I-'A 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
S4F 
250 
I-'A 
Max 
Your 
= Vcc 
Leakage 
Current 
74F 
SO 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.91-'A 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
I-'A 
0.0 
VIOO = 1S0mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-1.0 
mA 
Max 
VIN = O.SV (OE1, OE2, OE2, Dn ('F240)) 
-1.6 
VIN = O.SV (Dn ('F241 , 'F244)) 


10ZH 
Output 
Leakage 
Current 
SO 
I-'A 
Max 
Your 
= 2.7V 


10ZL 
Output 
Leakage 
Current 
-SO 
I-'A 
Max 
Your 
= O.SV 


los 
Output Short-Circuit 
Current 
-100 
-225 
mA 
Max 
Your 
= OV 


Izz 
Bus Drainage 
Test 
500 
I-'A 
O.OV 
Your 
= S.2SV 


DC Electrical Characteristics 
(Continued) 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


ICCH 
Power Supply Current 
('F240) 
19 
29 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
('F240) 
50 
75 
mA 
Max 
Vo = LOW 


ICCZ 
Power Supply Current 
('F240) 
42 
63 
mA 
Max 
Vo = HIGHZ 


ICCH 
Power Supply Current 
40 
60 
mA 
Max 
Vo = HIGH 
('F241 , 'F244) 


ICCL 
Power Supply Current 
60 
90 
mA 
Max 
Vo = LOW 
('F241 , 'F244) 


ICCZ 
Power Supply Current 
60 
90 
mA 
Max 
Vo = HIGHZ 
('F241 , 'F244) 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
54F 
74F 


TA = +25"C 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
Units 


CL = 50pF 
CL = 50pF 
CL = 50pF 
No. 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
3.0 
5.1 
7.0 
3.0 
9.0 
3.0 
8.0 
2-3 
tpHL 
Data to Output 
('F240) 
2.0 
3.5 
4.7 
2.0 
6.0 
2.0 
5.7 
ns 


tpZH 
Output 
Enable Time ('F240) 
2.0 
3.5 
4.7 
2.0 
6.5 
2.0 
5.7 


tpZL 
4.0 
6.9 
9.0 
4.0 
10.5 
4.0 
10.0 
ns 
2-5 
tpHZ 
Output 
Disable Time ('F240) 
2.0 
4.0 
5.3 
2.0 
6.5 
2.0 
6.3 


tpLZ 
2.0 
6.0 
8.0 
2.0 
12.5 
2.0 
9.5 


tpLH 
Propagation 
Delay 
2.5 
4.0 
5.2 
2.0 
6.5 
2.5 
6.2 
2-3 
tpHL 
Data to Output 
('F241 , 'F244) 
2.5 
4.0 
5.2 
2.0 
7.0 
2.5 
6.5 
ns 


tpZH 
Output 
Enable Time 
2.0 
4.3 
5.7 
2.0 
7.0 
2.0 
6.7 


tpZL 
('F241 , 'F244) 
2.0 
5.4 
7.0 
2.0 
8.5 
2.0 
8.0 
ns 
2-5 
tpHZ 
Output 
Disable Time 
2.0 
4.5 
6.0 
2.0 
7.0 
2.0 
7.0 


tpLZ 
('F241 , 'F244) 
2.0 
4.5 
6.0 
2.0 
7.5 
2.0 
7.0 


• 
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54F/74F243 
Quad Bus Transceiver with TRI-STATE® Outputs 


General Description 


The 'F243 
is a quad 
bus transmitter/receiver 
designed 
for 
4-line 
asynchronous 
2-way 
data 
communications 
between 
data busses. 


Features 


• 
2-Way 
asynchronous 
data bus communication 


• 
Input clamp 
diodes 
limit high-speed 
termination 
effects 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


Pin Assignment 
for DIP, SOIC and Flatpak 


E, 
1 


NC 2 


Ao 3 


A, 
.• 


A 
5 
Z 
A 
6 
3 
GND 7 


Pin Assignment 
forLCC 


~ 
NC Al NC ~ 
[!J[IJ[I! [Ij III 
EZ 


E1 


~ 
80 


Al 
81 


Az 
8Z 


A3 
83 


TLlFt9502-3 


A3 rn 


GND I!QI 
NC [j] 


831m 
8z 1m 


rnNC 
[II E1 
[I]NC 
~vcc 
IlIDEz 


~~Irn[ZJ[ID 


81NCIloNCNC 


54F174F 


Pin Names 
Description 
U.L. 
Input 
IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


El 
Enable 
Input (Active 
LOW) 
1.0/1.67 
20/-,A/-l 
mA 


E2 
Enable Input (Active 
HIGH) 
1.0/1.67 
20/-,A/-l 
mA 


An, Bn 
Inputs 
3.5/2.67 
70 /-,A/-l.6 
mA 


Outputs 
600/106.6(80) 
-12 
mA/64 
mA(48 mAl 


Inputs 
Inputs/Outputs 


E1 
E2 
An 
Bn 


L 
L 
Input 
B=A 


L 
H 
N/A 
N/A 
H 
L 
Z 
Z 
H 
H 
A=B 
Input 


H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 
Z - 
High Impedence 
Nt A ~ 
Not Allowed 


Absolute Maximum Ratings 
(Note 1) 
Recommended Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for 
availability 
and specifications. 
Military 
-SS·C 
to + 12S·C 
Storage 
Temperature 
- 6S·C to + 1S0·C 
Commercial 
OOCto +70·C 


Ambient 
Temperature 
under Bias 
- SS·C to + 12S·C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-SS·C 
to + 17S·C 
Military 
+ 4.SV to + S.SV 


VCC Pin Potential 
to 
Commercial 
+ 4.SV to + S.SV 


Ground 
Pin 
-O.SVto 
+7.0V 


Input Voltage 
(Note 2) 
-O.SV 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to +S.O mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc 
= 
OV) 
Standard 
Output 
-O.SVtoVcc 
TRI-STATE 
Output 
-O.SVto 
+S.SV 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged 
or have its useful life impaired. 
Functional 
operation 
under 
these conditions 
is not implied. 


Note 2: Either voltage limit or current limit is sufficient 
to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = 
-18mA 


VOH 
Output 
HIGH 
S4F 10% Vcc 
2.4 
10H = 
-3 
mA (An. Bn) 
Voltage 
S4F 10% Vcc 
2.0 
10H = 
-12 
mA (An. Bn) 
74F 10% VCC 
2.4 
V 
Min 
10H = 
-3 
mA (An. Bn) 
74F 10% VCC 
2.0 
10H = 
-1S 
mA (An. Bn) 
74F S% VCC 
2.7 
10H = 
-3 
mA (An. Bn) 


VOL 
Output 
LOW 
54F 10% VCC 
0.55 
V 
Min 
10L = 48 mA (An. Bn) 
Voltage 
74F 10% Vcc 
0.55 
10L = 64 mA (An. Bn) 


IIH 
Input HIGH 
54F 
20.0 
IJ-A 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
IJ-A 
Max 
VIN = 7.0V (El. E2) 
Breakdown 
Test 
74F 
7.0 


IBVIT 
Input HIGH Current 
54F 
1.0 
mA 
Max 
VIN = 5.5V (An. Bn) 
Breakdown 
(I/O) 
74F 
0.5 


ICEX 
Output 
HIGH 
54F 
250 
IJ-A 
Max 
VOUT = Vcc 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 
1.91J-A 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
IJ-A 
0.0 
VIOO = 
150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-1.0 
mA 
Max 
VIN = 0.5V (El. 
E2) 


IIH + 10lH 
Output 
Leakage 
Current 
70 
IJ-A 
Max 
VOUT = 2.7V (An. Bn) 


IlL + lOlL 
Output 
Leakage 
Current 
-1.6 
mA 
Max 
VOUT = 0.5V (An. Bn) 


10S 
Output Short-Circuit 
Current 
-100 
-225 
mA 
Max 
VOUT = OV (An. Bn) 


ICCH 
Power Supply Current 
64 
80 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
64 
90 
mA 
Max 
Vo = LOW 


ICCl 
Power Supply Current 
71 
90 
mA 
Max 
Vo=HIGHZ 


AC Electrical Characteristics: 
See Section 2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S"C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Units 


CL = SOpF 
CL = SOpF 
CL = SOpF 
No. 


Min 
Typ 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
2.5 
4.0 
5.2 
2.0 
6.5 
2.0 
6.2 
2-3 


tpHL 
An to Bn• Bn to An 
2.5 
4.0 
5.2 
2.0 
8.5 
2.0 
6.5 
ns 


tpZH 
Output 
Enable Time 
2.0 
4.3 
5.7 
2.0 
8.0 
2.0 
6.7 


tpZL 
E1 to Bn• E2 to An 
2.0 
5.8 
7.5 
2.0 
10.5 
2.0 
8.5 
2-5 
ns 
tpHZ 
Output 
Disable Time 
2.0 
4.5 
6.0 
1.5 
7.5 
1.5 
7.0 


tpLZ 
E1 to Bn• E2 to An 
2.0 
4.5 
6.0 
2.0 
8.5 
2.0 
7.0 
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54F/74F245 
Octal Bidirectional Transceiver with TRI-STATE® Outputs 


General Description 


The 'F245 
contains 
eight non-inverting 
bidirectional 
buffers 
with 
TRI-STATE 
outputs 
and 
is intended 
for 
bus-oriented 
applications. 
Current 
sinking 
capability 
is 24 mA (20 mA Mil) 
at the A ports 
and 64 mA (48 mA Mil) at the B ports. 
The 
Transmit/Receive 
(T /R) 
input 
determines 
the 
direction 
of 
data flow through 
the bidirectional 
transceiver. 
Transmit 
(ac- 
tive 
HIGH) 
enables 
data 
from 
A ports 
to B ports; 
Receive 
(active 
LOW) 
enables 
data 
from 
B ports 
to A ports. 
The 
Output 
Enable 
input, 
when 
HIGH, 
disables 
both 
A and 
B 
ports 
by placing 
them in a High Z condition. 


Features 


• 
Non-inverting 
buffers 


• 
Bidirectional 
data path 


• 
A outputs 
sink 24 mA (20 mA Mil) 


• 
B outputs 
sink 64 mA (48 mA Mil) 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


Pin Assignment 
for 
DIP, SOIC and Flatpak 


T/R 


IIR 
Ao 


Al 


A2 


TL/F/9503-3 
AJ 


A4 
IEEE/IEC 
As 


DE 
A6 


VR 
A] 


GND 


Ao 
So 


Al 
8, 


A2 
82 


AJ 
8, 


A4 
84 


AS 
8. 


A6 
86 


A] 
8] 


TL/F/9503-4 


..l 
10<1.. J1~r'. 
J>; l2. 


2 
L.!! 


J 
18 


4 
17 


5 
16 


6 
15 


7 
14 


8 
13 


9 
12 
10 J~ 
11 


Pin Assignment 
forlCC 


A6 
As 
A4 
AJ 
A2 
[I] [I] I]] I:IJ[IJ 


A7 [1] 


GND I!Q] 


8] [j] 


86 Iill 


85 Jj]) 


lI!IlIIDlilllJlllIill 
84 83 82 
81 80 


[KJA1 
lIlAc 
OJ T/R 
~vcc 
l!illOE 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 


HIGH/LOW 
Output 
IOH/IOL 


OE 
Output 
Enable 
Input (Active 
LOW) 
1.0/2.0 
20 ",A1-1.2 
mA 


T/R 
Transmit/Receive 
Input 
1.0/2.0 
20 ",A1-1.2 
mA 


Ao-A7 
Side A Inputs or 
3.5/1.083 
70 ",AI - 0.65 mA 


TRI-STATE 
Outputs 
150/40(38.3) 
-3 mA/24 mA (20 mAl 


Bo-B7 
Side B Inputs or 
3.5/1.083 
70 ",A1- 
0.65 mA 


TRI-STATE 
Outputs 
600/106.6(80) 
-12 mA/64 mA (48 mAl 


Inputs 
Output 
OE 
TiR 


L 
L 
Bus B Data to Bus A 


L 
H 
Bus A Data to Bus B 


H 
X 
High Z State 


H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = 
Immaterial 


Absolute Maximum Ratings 
(Note 1) 
Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 'OL (mA) 
If 
Military/Aerospace 
specified 
devices 
are 
required, 
ESD Last Passing Voltage 
(Min) 
4000V 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors 
for availability 
and specifications. 
Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
Storage 
Temperature 
-65·C 
to + 150'C 
these 
conditions 
is not implied. 


Ambient 
Temperature 
under Bias 
- 55·C to + 125'C 
Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


Junction 
Temperature 
under Bias 
-55'C 
to + 175·C 
Recommended 
Operating 
vcc 
Pin Potential 
to 
Ground 
Pin 
-0.5V 
to + 7.0V 
Conditions 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 
Free Air Ambient 
Temperature 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 
Military 
- 55·C to + 125·C 


Voltage 
Applied 
to Output 
Commercial 
O·Cto 
+70·C 


in HIGH State 
(with Vcc = OV) 
Supply 
Voltage 


Standard 
Output 
-0.5VtoVcc 
Military 
+ 4.5V to + 5.5V 


TRI-STATE 
Output 
-0.5Vto 
+5.5V 
Commercial 
+4.5Vto 
+5.5V 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.4 
10H = -3 
mA (An) 


Voltage 
54F 10% Vcc 
2.0 
10H = -12 
mA (Bn) 


74F 10% Vcc 
2.4 
V 
Min 
10H = -3 
mA (An) 


74F 10% VCC 
2.0 
10H = -15 
mA (Bn) 


74F 5% VCC 
2.7 
10H = -3 
mA (An) 


VOL 
Output 
LOW 
54F 10% VCC 
0.5 
'OL = 20 mA (An) 


Voltage 
54F 10% Vcc 
0.55 
V 
Min 
10L = 48 mA (Bn) 


74F 10% Vcc 
0.5 
10L = 24 mA (An) 


74F 10% VCC 
0.55 
10L = 64 mA (Bn) 


IIH 
Input HIGH 
54F 
20.0 
,...A 
VIN = 2.7V 
Current 
74F 
5.0 
Max 


IBVI 
Input HIGH Current 
54F 
100 
,...A 
VIN = 7.0V (OE. TIR) 
Breakdown 
Test 
74F 
7.0 
Max 


IBVIT 
Input HIGH Current 
54F 
1.0 
mA 
Breakdown 
(1/0) 
74F 
0.5 
Max 
VIN = 5.5 V (An. Bn) 


ICEX 
Output 
HIGH 
54F 
250 


Leakage 
Current 
74F 
50 
,...A 
Max 
VOUT = VCC (An. Bn) 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9,...A 


Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
,...A 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-1.2 
mA 
Max 
VIN = 0.5V (TIR. OE) 


IIH + 
10ZH 
Output 
Leakage 
Current 
70 
,...A 
Max 
VOUT = 2.7V (An. Bn) 


IlL + 
10ZL 
Output 
Leakage 
Current 
-650 
,...A 
Max 
VOUT = 0.5V (An. Bn) 


DC Electrical Characteristics 
(Continued) 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
Your 
= OV (An) 


-100 
-225 
Your 
= OV (Sn) 


Izz 
Sus Drainage 
Test 
500 
/LA 
O.OV 
Your 
= 5.25V(An• 
Sn) 


ICCH 
Power Supply Current 
70 
90 
mA 
Max 
Va = HIGH 


ICCL 
Power Supply Current 
95 
120 
mA 
Max 
Va = LOW 


Iccz 
Power Supply Current 
85 
110 
mA 
Max 
Va = HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
54F 
74F 


TA = +25'C 
TA. Vcc = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
CL = 50pF 
CL = 50pF 
Units 
No. 
CL = 50 pF 


Mln 
Typ 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
2.5 
4.2 
6.0 
2.0 
7.5 
2.0 
7.0 
2-3 
tpHL 
An to Sn or Sn to An 
2.5 
4.2 
6.0 
2.0 
7.5 
2.0 
7.0 
ns 


tpZH 
Output 
Enable Time 
3.0 
5.3 
7.0 
2.5 
9.0 
2.5 
8.0 


tPZL 
3.5 
6.0 
8.0 
3.0 
10.0 
3.0 
9.0 
2-5 
ns 
tpHZ 
Output 
Disable Time 
2.0 
5.0 
6.5 
2.0 
9.0 
2.0 
7.5 


tpLZ 
2.0 
5.0 
6.5 
2.0 
10.0 
2.0 
7.5 


, 
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54F/74F251A 
8-lnput Multiplexer with TRI-STATE® Outputs 


General Description 


The 'F251A 
is a high-speed 
a-input 
digital multiplexer. 
It pro- 


vides, 
in one 
package, 
the ability 
to select 
one bit of data 


from up to eight sources. 
It can be used as a universal 
func- 
tion 
generator 
to generate 
any logic 
function 
of four vari- 
ables. 
Both assertion 
and negation 
outputs 
are provided. 


Features 


• 
Multifunctional 
capability 


• 
On-chip 
select 
logic decoding 


• 
Inverting 
and non-inverting 
TRI-STATE 
outputs 


Ordering Code: 
See Section 
5 


Logic Symbols 


Pin Assignment 
for 
DIP, SOIC and Flatpak 
Pin Assignment 
forLCC 


Z 
Z 
He '0 
11 
[!] II][I1 [II rn 
13 
1 
16 
Vcc 
Iz 
2 
15 
14 


11 
3 
14 
15 


10 
4 
13 
16 


TUF/9504-3 
Z 
5 
12 
7 


IEEEIIEC 
Z 
6 
11 
So 


OE 
7 
10 
SI 
loIUX 
OE 
GNO 
8 
9 
Sz 
EN 
So 


:} 
G ¥ 


TLIF/9504-1 
$, 


Sz 


10 
a 


1, 
1 
V 
Z 


'z 
z 
v 
Z 


13 
3 


14 
4 


15 


16 


17 


OEm 


GND [j]J 


NC [j] 
Szlm 
S,ll] 


IllllIIDlrnffZlliID 
So7Heitiis 


54F174F 


Pin Names 
Description 
U.L 
Input 
IIH/IIL 
HIGH/LOW 
Output 
IOHIIOL 


SO-52 
Select 
Inputs 
1.0/1.0 
20 ".A/-0.6 
mA 
OE 
TRI-STATE 
Output 
Enable 
Input (Active 
LOW) 
1.0/1.0 
20 ".A/- 
0.6 mA 
10-17 
Multiplexer 
Inputs 
1.0/1.0 
20 ".A/- 
0.6 mA 
Z 
TRI-ST ATE Multiplexer 
Output 
150/40 
(33.3) 
-3 
mA/24 
mA (20 mAl 
Z 
Complementary 
TRI-ST ATE Multiplexer 
Output 
150/40 
(33.3) 
-3 
mA/24 
mA (20 mAl 


mlZ 
[IJ13 
[I)NC 
~vcc 


~)t4 


Functional Description 


This device 
is a logical 
implementation 
of a single-pole, 
8- 


position 
switch 
with 
the 
switch 
position 
controlled 
by the 
state of three 
5elect 
inputs, 
50, 51, 52. Both assertion 
and 
negation 
outputs 
are 
provided. 
The 
Output 
Enable 
input 
(OE) is active 
LOW. When 
it is activated, 
the logic function 
provided 
at the output 
is: 


Z = OE-(Io-80.81 
-82 + 11-50-81-82 
+ 
12-80-51-82 
+ 13-50-51-82 
+ 
14-80-81-52 
+ 15-50-81-52 
+ 
16-80-51-52 
+ 17-50-51-52) 


When 
the Output 
Enable 
is HIGH, 
both 
outputs 
are in the 
high 
impedance 
(High 
Z) state. 
This 
feature 
allows 
multi- 
plexer 
expansion 
by tying the outputs 
of up to 128 devices 
together. 
When 
the outputs 
of the TRI-5TATE 
devices 
are 
tied together, 
all but one device 
must be in the high imped- 
ance 
state 
to avoid 
high 
currents 
that 
would 
exceed 
the 


maximum 
ratings. 
The Output 
Enable 
signals 
should 
be de- 


signed 
to ensure 
there 
is no overlap 
in the active 
LOW por- 
tion of the enable 
voltages. 


Inputs 
Outputs 


OE 
52 
51 
50 
Z 
Z 


H 
X 
X 
X 
Z 
Z 


L 
L 
L 
L 
io 
10 


L 
L 
L 
H 
i1 
11 


L 
L 
H 
L 
i2 
12 


L 
L 
H 
H 
h 
13 


L 
H 
L 
L 
i4 
14 


L 
H 
L 
H 
is 
15 


L 
H 
H 
L 
i6 
16 


L 
H 
H 
H 
i7 
17 


H ~ 
HIGH Voltage Level 
L ~ 
LOW Voltage Level 
X = Immaterial 
Z ~ 
High Impedance 


TLiF/9504-4 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-55'C 
to + 175'C 
Military 
+ 4.5V to + 5.5V 


Vee Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vee 
= 
OV) 
Standard 
Output 
-0.5Vto 
Vee 
TRI-STATE 
Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device 
may 
be damaged or have its useful life impaired. Functional operation under 
these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current 
limit is sufficient to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VeD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = 
-18 
mA 


VOH 
Output 
HIGH 
54F 10% Vee 
2.5 
10H = 
-1 
mA 


Voltage 
54F 10% Vee 
2.4 
10H = 
-3mA 


74F 10% Vcc 
2.5 
V 
Min 
10H = 
-1 
mA 


74F 10% Vee 
2.4 
10H = 
-3mA 


74F 5% Vee 
2.7 
10H = 
-1 
mA 


74F 5% Vee 
2.7 
10H = 
-3 
mA 


VOL 
Output 
LOW 
54F 10% Vee 
0.5 
V 
Min 
10L = 20 mA 
Voltage 
74F 10% Vee 
0.5 
10L = 24 mA 


IIH 
Input HIGH 
54F 
20.0 
/LA 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
/LA 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


leEX 
Output 
HIGH 
54F 
250 
/LA 
Max 
VOUT = Vee 
Leakage 
Current 
74F 
50 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 
1.9 /LA 
Test 
All Other Pins Grounded 


10D 
Output 
Leakage 
74F 
3.75 
/LA 
0.0 
VIOD = 
150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10lH 
Output 
Leakage 
Current 
50 
/LA 
Max 
VOUT = 2.7V 


lOlL 
Output 
Leakage 
Current 
-50 
/LA 
Max 
VOUT = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


Izz 
Bus Drainage 
Test 
500 
/LA 
O.OV 
VOUT = 5.25V 


leeL 
Power Supply Current 
15 
22 
mA 
Max 
Vo = LOW 


leel 
Power Supply Current 
16 
24 
mA 
Max 
Vo=HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 
~ 


74F 
S4F 
74F 


TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Cl = SOpF 
Cl = SO pF 
Units 
No. 
Cl = SO pF 


Min 
Typ 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
3.5 
6.0 
9.0 
3.5 
11.5 
3.5 
9.5 
2-3 
Sntol 
3.2 
3.2 
3.2 
7.5 
ns 
tPHL 
5.0 
7.5 
8.0 


tpLH 
Propagation 
Delay 
4.5 
7.5 
10.5 
3.5 
14.0 
4.5 
12.5 
2-3 
ns' 


tpHL 
Sn to Z 
4.0 
6.0 
8.5 
3.0 
10.5 
4.0 
9.0 


tpLH 
Propagation 
Delay 
3.0 
5.0 
6.5 
2.5 
8.0 
3.0 
7.0 
2-3 
Intol 
1.5 
4.0 
1.5 
1.5 
5.0 
ns 
tpHL 
2.5 
6.0 


tpLH 
Propagation 
Delay 
3.5 
5.0 
7.0 
2.5 
9.0 
2.5 
8.0 


tpHL 
In toZ 
3.5 
5.5 
7.0 
3.5 
9.0 
3.5 
7.5 
ns 
2-3 


tpZH 
Output 
Enable Time 
2.5 
4.3 
6.0 
2.0 
7.0 
2.5 
7.0 


tpZL 
OEtol 
2.5 
4.3 
6.0 
2.5 
7.5 
2.5 
6.5 
ns 
2-5 


tPHZ 
Output 
Disable Time 
2.5 
4.0 
5.5 
2.5 
6.0 
2.5 
6.0 


tpLZ 
OEtol 
1.5 
3.0 
4.5 
1.5 
5.0 
1.5 
4.5 


tpZH 
Output 
Enable Time 
3.5 
5.0 
7.0 
3.0 
8.5 
3.0 
7.5 


tPZL 
OEtoZ 
3.5 
5.5 
7.5 
3.5 
9.0 
3.5 
8.0 
ns 
2-5 


tpHZ 
Output 
Disable Time 
2.0 
3.8 
5.5 
2.0 
5.5 
2.0 
5.5 


tpLZ 
OEtoZ 
1.5 
3.0 
4.5 
1.5 . 
5.5 
1.5 
4.5 
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54F/74F253 
Dual 4-lnput Multiplexer with TRI-STATE® Outputs 


General Description 


The 
'F253 
is a dual 4-input 
mUltiplexer 
with 
TRI-STATE@ 


outputs. 
It can 
select 
two 
bits 
of data 
from 
four 
sources 
using common 
select 
inputs. The output 
may be individually 
switched 
to a high 
impedance 
state 
with 
a HIGH 
on the 
respective 
Output 
Enable 
(OE) inputs, 
allowing 
the outputs 
to interface 
directly 
with bus oriented 
systems. 


Features 


• 
Multifunction 
capability 


• 
Non-inverting 
TRI-STATE 
outputs 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


Ordering Code: 
See Section 
5 


Logic Symbols 


Pin Assignment 
for 
Pin Assignment 
DIP, SOIC and Flatpak 
forlCC 


lOa Ila NC IZa 13a 
OEa 
1 
16 
VCC 
[!]!Ilrnrnrn 


SI 
2 
15 
OEb 


13a 
3 
14 
So 
Za lID 
[IJS, 


IZa 
4 
13 
13b 
GNDIi]] 
mOEa 
TL/F/9505-3 
NC [j] 
[j]NC 
l'a 
5 
12 
IZb 
Zb Ii1l 
g§vcc 
IEEE/IEC 
lOa 
6 
11 
lIb 
lab 1m 
ffIDOEb 
Za 
7 
10 
lab 


GND 
8 
9 
Zb 
ij}]ffIDlrnlI1llIID 


lIb IZb NC 13bSo 
TL/F/9505-1 
TL/F/9505-2 


Za 


54F174F 
Pin Names 
Description 
U.L. 
Input 
IIH/IIL 
HIGH/lOW 
Output 
IOHIIOL 


IOa-13a 
Side A Data Inputs 
1.0/1.0 
20 ,.,.A/-0.6 
mA 
IOb-13b 
Side B Data Inputs 
1.011.0 
20 ,.,.A/-0.6 
mA 
SO-S1 
Common 
Select 
Inputs 
1.0/1.0 
20 fl-A/-0.6 
mA 
OEa 
Side A Output Enable 
Input (Active LOW) 
1.0/1.0 
20 ,.,.A/-0.6 
mA 
OEb 
Side B Output Enable 
Input (Active 
LOW) 
1.0/1.0 
20 fl-A/-0.6 
mA 
Za,Zb 
TRI-STATE 
Outputs 
150/40(33.3) 
-3 
mA/24 
mA (20 mAl 


Functional Description 


This device 
contains 
two identical 
4-input 
mUltiplexers 
with 
TRI-STATE 
outputs. 
They select 
two bits from four sources 
selected 
by common 
Select 
inputs (So. S1). The 4-input mul- 
tiplexers 
have 
individual 
Output 
Enable 
(OEa• OEb) inputs 
which, 
when 
HIGH, force 
the outputs 
to a high impedance 
(High Z) state. This device 
is the logic implementation 
of a 
2-pole, 
4-position 
switch. 
where the position 
of the switch 
is 
determined 
by the 
logic 
levels 
supplied 
to the two 
select 
inputs. The logic equations 
for the outputs 
are shown below: 


Za = OEa • (lOa • S1 • So + 11a· S1 • So + 


12a• S1 • So + 13a• S1 • SO) 


Zb = OEb· 
(lOb· 
S1 • So + 11b· S1 • So + 


12b• S1 • So + 13b• S1 • SO) 


If the outputs 
of TRI-STATE 
devices 
are tied together, 
all 
but one device 
must be in the high impedance 
state to avoid 
high currents 
that would 
exceed 
the maximum 
ratings. 
De- 
signers 
should 
ensure 
that 
Output 
Enable 
signals 
to TRI- 
STATE 
devices 
whose 
outputs 
are 
tied 
together 
are 
de- 
signed 
so that there 
is no overlap. 


Select 
Data Inputs 
Output 
Output 
Inputs 
Enable 


So 
51 
10 
11 
12 
13 
OE 
Z 


X 
X 
X 
X 
X 
X 
H 
Z 
L 
L 
L 
X 
X 
X 
L 
L 
L 
L 
H 
X 
X 
X 
L 
H 
H 
L 
X 
L 
X 
X 
L 
L 


H 
L 
X 
H 
X 
X 
L 
H 
L 
H 
X 
X 
L 
X 
L 
L 
L 
H 
X 
X 
H 
X 
L 
H 
H 
H 
X 
X 
X 
L 
L 
L 
H 
H 
X 
X 
X 
H 
L 
H 


Address 
inputs So and 5, 
are common 
to both sections. 


H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = Immaterial 
Z = High Impedance 


TL/F/9505-4 


Please 
note that this diagram 
is provided 
only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
If Military/Aerospace 
specified devices are required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors for availability and specifications. 


Storage 
Temperature 
- 65·C to + 150·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 


Junction 
Temperature 
under Bias 
-55·C 
to + 175·C 


Vcc 
Pin Potential 
to 
Ground 
Pin 


Input Voltage 
(Note 2) 


Input Current 
(Note 2) 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc 
= OV) 
Standard 
Output 
TRI-STATE 
Output 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values 
beyond 
which 
the device 
may 
be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect 
inputs. 


-0.5Vto 
+7.0V 


-0.5Vto 
+7.0V 


-30 
mA to +5.0 
mA 


Recommended 
Operating 
Conditions 


Free Air Ambient 
Temperature 
Military 
Commercial 


Supply 
Voltage 
Military 
Commercial 


- 55·C to + 125·C 
O·Cto 
+70·C 
-0.5VtoVcC 


-0.5Vto 
+5.5V 
+4.5Vto 
+5.5V 
+ 4.5V to + 5.5V 


Symbol 
Parameter 
54F/74F 
Units 
VCC 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 
Voltage 
54F 10% Vcc 
2.4 
10H = -3 
mA 


74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 
74F 10% Vcc 
2.4 
10H = -3mA 
74F 5% Vcc 
2.7 
10H = -1 
mA 
74F5% 
Vcc 
2.7 
10H = -3 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20mA 
Voltage 
74F 10% Vcc 
0.5 
IOL = 24mA 


IIH 
Input HIGH 
54F 
20.0 
/-LA 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
/-LA 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
/-LA 
Max 
VOUT = Vcc 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9/-LA 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
/-LA 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10ZH 
Output 
Leakage 
Current 
50 
/-LA 
Max 
VOUT = 2.7V 


10ZL 
Output 
Leakage 
Current 
-50 
/-LA 
Max 
VOUT = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


-100 
-225 
VOUT = OV 


Izz 
Bus Drainage 
Test 
500 
/-LA 
O.OV 
VOUT = Vcc 


ICCH 
Power Supply Current 
11.5 
16 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
16 
23 
mA 
Max 
Vo = LOW 


leez 
Power Supply Current 
16 
23 
mA 
Max 
Vo = HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Cl = SOpF 
Cl = SOpF 
Units 
No. 
Cl = SOpF 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
4.5 
8.5 
11.5 
3.5 
15.0 
4.5 
13.0 


tpHL 
Sn tOZn 
3.0 
6.5 
9.0 
2.5 
11.0 
3.0 
10.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
3.0 
5.5 
7.0 
2.5 
9.0 
3.0 
8.0 
2-3 
tpHL 
In to Zn 
2.5 
4.5 
6.0 
2.5 
8.0 
2.5 
7.0 
ns 


tPZH 
Output 
Enable Time 
3.0 
6.0 
8.0 
2.5 
10.0 
3.0 
9.0 


tpZl 
3.0 
6.0 
8.0 
2.5 
10.0 
3.0 
9.0 
2-5 
ns 
tpHZ 
Output 
Disable Time 
2.0 
3.7 
5.0 
2.0 
6.5 
2.0 
6.0 


tpLZ 
2.0 
4.4 
6.0 
2.0 
8.0 
2.0 
7.0 
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54F/74F257A 
Quad 2-lnput Multiplexer with TRI-STATE® Outputs 


General Description 
The 'F257A is a quad 2-input multiplexer with TRI-STATE 
outputs. Four bits of data from two sources can be selected 
using a Common Data Select input. The four outputs pres- 
ent the selected data in true (non-inverted) form. The out- 
puts may be switched to a high impedance state with a 
HIGH on the common Output Enable (OE) input, allowing 
the outputs to interlace directly with bus-oriented systems. 


Features 
• 
Multiplexer expansion by tying outputs together 
• 
Non-inverting TRI-STATE outputs 
• 
Input clamp diodes limit high-speed termination effects 
• 
Guaranteed 4000V minimum ESD protection 


Ordering Code: See Section 5 


Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 
Pin Assignment 
for LCC 


11b lot. He Z. 
11• 


[!][Z] m !II0 
G~~~D~~· 
NC [j] 
[DNC 


Zd Ii1J 
Ii1!vcc 
'ld@ 
ffIDOr 


~~II§I[z]1!ID 
iod 1., He lIe Ioc 


OE 
S 
1 
16 
Vcc 


S 
loa 
2 
15 
Or 


11. 
3 
14 
10e 


Z. 
4 
13 
lIe 


TLIF/9507-3 
lOb 
5 
12 
Ze 


lIb 
6 
11 
'ad 


IEEE/IEC 
Zb 
7 
10 
lId 


GNO 
8 
9 
Zd 


DE 
TLIF/9507-1 


S 


WUX l> 


loa 
1" 
V 
11. 
1 
Z. 


lob 
Zb 
lIb 


'ad 
Zd 
lId 
'oc 


Ze 


lie 
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54F174F 


Pin Names 
Description 
U.L 
Input IIHIIIL 
HIGH/LOW 
Output IOH/IOL 


S 
Common Data Select Input 
1.0/1.0 
20 p.A/- 0.6 mA 
OE 
TRI-STATE Output Enable Input (Active LOW) 
1.0/1.0 
20 p.A/-0.6 
mA 
loa-lad 
Data Inputs from Source 0 
1.0/1.0 
20 p.A/-0.6 
mA 


\1a-11d 
Data Inputs from Source 1 
1.0/1.0 
20 p.A/-0.6 
mA 
Za-Zd 
TRI-STATE Multiplexer Outputs 
150/40 (33.3) 
-3 mA/24 mA (20 mAl 


Functional Description 


The 
'F257A 
is a quad 
2-input 
multiplexer 
with TRI-STATE 
outputs. 
It selects 
four bits of data from two sources 
under 
control 
of a Common 
Data 
Select 
input. 
When 
the Select 
input is lOW, 
the lOxinputs are selected 
and when Select 
is 
HIGH, the 11xinputs are selected. 
The data on the selected 
inputs 
appears 
at the 
outputs 
in true 
(non-inverted) 
form. 


The device 
is the logic implementation 
of a 4-pole, 
2-posi- 
tion switch where the position 
of the switch is determined 
by 
the logic levels supplied 
to the Select 
input. The logic equa- 
tion for the outputs 
is shown 
below: 


Zn = OE· 
(In • S + Ion. 
S) 


When the Output 
Enable input (OE) is HIGH, the outputs 
are 
forced 
to a high impedance 
OFF 
state. 
If the outputs 
are 
tied together, 
all but one device 
must be in the high imped- 
ance 
state 
to avoid 
high 
currents 
that 
would 
exceed 
the 
maximum 
ratings. 
Designers 
should 
ensure 
the Output 
En- 
able signals 
to TRI-STATE 
devices 
whose 
outputs 
are tied 
together 
are designed 
so there 
is no overlap. 


Output 
Select 
Data 
Output 
Enable 
Input 
Inputs 


OE 
S 
10 
11 
Z 


H 
X 
X 
X 
Z 


l 
H 
X 
l 
l 


l 
H 
X 
H 
H 


l 
l 
l 
X 
l 


l 
l 
H 
X 
H 


H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 
X = Immaterial 
Z = HighImpedance 


TLIF 19507-4 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55·C to + 175·C 
Military 
+ 4.5V to + 5.5V 


Vee 
Pin Potential 
to 
Commercial 
+4.5Vto 
+5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 


in HIGH State 
(with Vee = OV) 
Standard 
Output 
-0.5VtoVee 


TRI-STATE 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated IOL (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


Veo 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vee 
2.5 
10H = -1 
mA 
Voltage 
54F 10% Vec 
2.4 
10H = -3 
mA 
74F 10% Vee 
2.5 
V 
Min 
10H = -1 
mA 
74F 10% Vec 
2.4 
10H = -3mA 
74F 5% Vee 
2.7 
10H = -1 
mA 
74F5% 
Vee 
2.7 
10H = -3mA 


VOL 
Output 
LOW 
54F 10% Vee 
0.5 
V 
Min 
10L = 20 mA 
Voltage 
74F 10% Vee 
0.5 
10L = 24 mA 


IIH 
Input HIGH 
54F 
20.0 
fJ-A 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
fJ-A 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


leEX 
Output 
HIGH 
54F 
250 
fJ-A 
Max 
VOUT = Vee 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9 fJ-A 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
fJ-A 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10lH 
Output 
Leakage 
Current 
50 
fJ-A 
Max 
VOUT = 2.7V 


lOlL 
Output 
Leakage 
Current 
-50 
fJ-A 
Max 
VOUT = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


III 
Bus Drainage 
Test 
500 
fJ-A 
O.OV 
VOUT = 5.25V 


ICCH 
Power Supply Current 
9.0 
15 
mA 
Max 
Vo = HIGH 


leeL 
Power Supply Current 
14.5 
22 
mA 
Max 
Vo = LOW 


leel 
Power Supply Current 
15 
23 
mA 
Max 
Vo = HIGHZ 


c:( 
r--~ 
AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S 
OC 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = 
+S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
CL = SOpF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
2.5 
4.5 
5.5 
2.0 
7.0 
2.0 
6.0 
2-3 
tpHL 
In to Zn 
2.0 
4.2 
5.5 
1.5 
7.0 
2.0 
6.0 
ns 


tpLH 
Propagation 
Delay 
4.0 
5.0 
9.5 
3.5 
11.5 
3.5 
10.5 
2-3 
ns 
tpHL 
StoZn 
2.5 
6.5 
7.0 
2.5 
9.0 
2.5 
8.0 


tPZH 
Output 
Enable Time 
2.0 
5.9 
6.0 
2.0 
8.0 
2.0 
7.0 


tpZL 
2.5 
5.5 
7.0 
2.5 
9.0 
2.5 
8.0 
2-5 
ns 
tpHZ 
Output 
Disable Time 
2.0 
4.3 
6.0 
2.0 
7.0 
2.0 
7.0 


tpLZ 
2.0 
4.5 
6.0 
2.0 
8.5 
2.0 
7.0 
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54F/74F258A 
Quad 2-lnput Multiplexer with TRI-STATE® Outputs 


General Description 


The 
'F258A 
is a quad 
2-input 
multiplexer 
with 
TRI-STATE 
outputs. 
Four bits of data from two sources 
can be selected 
using a common 
data select 
input. The four outputs 
present 


the 
selected 
data 
in the complement 
(inverted) 
form. 
The 
outputs 
may be switched 
to a high impedance 
state with a 
HIGH 
on the 
common 
Output 
Enable 
(OE) input, 
allowing 
the outputs 
to interface 
directly 
with bus-oriented 
systems. 


Features 


• 
Multiplexer 
expansion 
by tying outputs 
together 


• 
Inverting 
TRI-STATE 
outputs 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


Ordering Code: 
See Section 
5 


Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 
Pin Assignment 
forlCC 
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54F174F 


Pin Names 
Description 
U.l. 
Input IIH/IIL 
HIGH/lOW 
Output 
IOHIIOL 


S 
Common 
Data Select 
Input 
1.0/1.0 
20 )-LA/-0.6 
mA 
OE 
TRI-STATE 
Output 
Enable 
Input (Active 
LOW) 
1.0/1.0 
20 )-LA/-0.6 
mA 
loa-lad 
Data Inputs from Source 0 
1.0/1.0 
20 fLA/-a.S 
mA 


11a-11d 
Data Inputs from Source 
1 
1.0/1.0 
20 )-LA/-0.6 
mA 


Za-Zd 
TRI-STATE 
Inverting 
Data Outputs 
150/40 
(33.3) 
-3 
mA/24 
mA (20 mAl 


mlaa 
rns 


OJNC 


@)Vcc 
IIIDDE 


• 


Functional Description 
The 'F258A is a quad 2-input multiplexer with TRI-STATE 
outputs. It selects four bits of data from two sources under 
control of a common Select input (S).When the Select input 
is LOW, the lOxinputs are selected and when Select is 
HIGH, the 11xinputs are selected. The data on the selected 
inputs appears at the outputs in inverted form. The 'F258A 
is the logic implementation of a 4-pole, 2-position switch 
where the position of the switch is determined by the logic 
levels supplied to the Select input. The logic equation for 
the outputs is shown below: 


Zn = OE-(11n-S 
+ 10n-S) 


When the Output Enable input (OE) is HIGH, the outputs are 
forced to a high impedance OFF state. If the outputs of the 
TRI-STATE devices are tied together, all but one device 
must be in the high impedance state to avoid high currents 
that would exceed the maximum ratings. Designers should 
ensure that Output Enable signals to TRI-STATE devices 
whose outputs are tied together are designed so there is no 
overlap. 


Output 
Select 
Data 
Output 
Enable 
Input 
Inputs 


OE 
S 
10 
11 
Z 


H 
X 
X 
X 
Z 
L 
H 
X 
L 
H 
L 
H 
X 
H 
L 
L 
L 
L 
X 
H 
L 
L 
H 
X 
L 


H ~ 
HIGH Voltage Level 
L ~ LOW Voltage Level 


X = Immaterial 
Z = High Impedance 


TL/F/9508-4 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 


If Military/Aerospace 
specified devices are required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors for availability and specifications. 


Storage 
Temperature 
- 6S'C to + 1S0'C 


Ambient 
Temperature 
under Bias 
- SS'C to + 12S'C 


Junction 
Temperature 
under Bias 
-SS'C 
to + 17S'C 


Vee 
Pin Potential 
to 
Ground 
Pin 


Input Voltage 
(Note 2) 


Input Current 
(Note 2) 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vee 
= OV) 
Standard 
Output 
TRI-STATE 
Output 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect 
inputs. 


Recommended 
Operating 
Conditions 


Free Air Ambient 
Temperature 
Military 
Commercial 


Supply 
Voltage 
Military 
Commercial 


- SS'C to + 12S'C 
O'Cto 
+70'C 


+ 4.SV to + S.SV 
+ 4.SV to + S.SV 


-0.5Vto 
+7.0V 


-0.5Vto 
+7.0V 


-30 
mA to + 5.0 mA 


-0.5VtoVee 


-0.5Vto 
+S.5V 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VeD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vee 
2.5 
10H = -1 
mA 
Voltage 
54F 10% Vee 
2.4 
10H = -3 
mA 


74F 10% Vee 
2.5 
V 
Min 
10H = -1 
mA 
74F 10% Vee 
2.4 
10H = -3mA 
74F 5% Vee 
2.7 
10H = -1 
mA 
74F 5% Vee 
2.7 
10H = -3 
mA 


VOL 
Output 
LOW 
54F 10% Vee 
0.5 
V 
Min 
10L = 20 mA 
Voltage 
74F 10% Vee 
0.5 
10L = 24 mA 


IIH 
Input HIGH 
S4F 
20.0 
/-LA 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


ISVI 
Input HIGH Current 
54F 
100 
/-LA 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


leEX 
Output 
HIGH 
54F 
250 
/-LA 
Max 
Your 
= Vee 
Leakage 
Current 
74F 
50 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.9/-LA 
Test 
All Other Pins Grounded 


10D 
Output 
Leakage 
74F 
3.75 
/-LA 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10lH 
Output 
Leakage 
Current 
50 
/-LA 
Max 
Your 
= 2.7V 


lOlL 
Output 
Leakage 
Current 
-50 
/-LA 
Max 
Your 
= 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
Your 
= OV 
III 
Bus Drainage 
Test 
500 
/-LA 
O.OV 
Your 
= Vee 


ICCH 
Power Supply Current 
6.2 
9.5 
mA 
Max 
Vo = HIGH 


leeL 
Power Supply Current 
15.1 
23 
mA 
Max 
Vo = LOW 


leel 
Power Supply Current 
11.3 
17 
mA 
Max 
Vo = HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc 
= +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
CL = SOpF 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
2.5 
5.3 
2.0 
7.5 
2.0 
6.0 
2-3 
tpHL 
IntoZn 
1.0 
4.0 
1.0 
6.0 
1.0 
5.0 
ns 


tpLH 
Propagation 
Delay 
3.0 
7.5 
3.0 
9.5 
3.0 
8.5 
2-3 
tpHL 
StoZn 
2.5 
7.0 
2.5 
9.0 
2.5 
8.0 
ns 


tpZH 
Output 
Enable Time 
2.0 
6.0 
2.0 
8.0 
2.0 
7.0 


tpZL 
2.5 
7.0 
2.5 
9.0 
2.5 
8.0 
ns 
2-5 
tpHZ 
Output 
Disable Time 
2.0 
6.0 
1.5 
7.0 
2.0 
7.0 


tpLZ 
2.0 
6.0 
2.0 
8.5 
2.0 
7.0 
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54F/74F269 
a-Bit Bidirectional Binary Counter 


General Description 


The 'F269 
is a fully synchronous 
a-stage 
up/down 
counter 
featuring 
a preset 
capability 
for 
programmable 
operation, 


carry lookahead 
for easy cascading 
and a U/O input to con- 
trol the direction 
of counting. 
All state 
changes, 
whether 
in 
counting 
or parallel 
loading, 
are initiated 
by the rising edge 
of the clock. 


Features 


• 
Synchronous 
counting 
and loading 


• 
Built-in 
lookahead 
carry capability 


• 
Count 
frequency 
100 MHz 


• 
Supply 
current 
113 mA typ 


• 
300 mil slimline 
package 


Pin Assignment 
for 
DIP, SOIC and Flatpak 


UjO 
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Pin Assignment 
forlCC 
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PE 
CEP 
CET 
UfO 
CP 
Function 


L 
X 
X 
X 
./ 
Parallel 
Load All 


Flip-Flops 
H 
H 
X 
X 
./ 
Hold 


H 
X 
H 
X 
./ 
Hold (TC Held HIGH) 
H 
L 
L 
H 
./ 
Count Up 
H 
L 
L 
L 
./ 
CountDown 


H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = Immaterial 
.....r = Transition 
LOW-lo-HIGH 
• 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 


HIGH/LOW 
Output 
IOH/IOL 


PO-P7 
Parallel Data Inputs 
1.0/1.0 
20 I'-Al- 
0.6 mA 


PE 
Parallel Enable 
Input (Active 
LOW) 
1.0/1.0 
20 I'-Al-0.6 
mA 


U/O 
Up-Down 
Count Control 
Input 
1.0/1.0 
20 I'-Al- 
0.6 mA 


CEP 
Count Enable 
Parallel Input (Active 
LOW) 
1.0/1.0 
20 I'-Al- 
0.6 mA 


CET 
Count Enable Trickle 
Input (Active 
LOW) 
1.0/1.0 
20 I'-Al-0.6 
mA 


CP 
Clock Input 
1.0/1.0 
20 I'-Al-0.6 
mA 


TC 
Terminal 
Count Output 
(Active 
LOW) 
5.0/33.3 
-1 
mAl20 
mA 
00-07 
Flip-Flop 
Outputs 
50/33.3 
-1 
mAl20mA 


P, 
0, 


p. 
0. 


P, 
0, 


p. 


P, 


p. 


P7 
9 
TC 


4-216 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-55·Cto 
+175·C 
Military 
+ 4.5V to + 5.5V 


VCC Pin Potential 
to 
Commercial 
+4.5Vto 
+5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 


TRI-STATEQil Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 'OL (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH Current 
54F 
20.0 
,..A 
VIN = 2.7V 


74F 
5.0 
Max 


IBVI 
Input HIGH Current 
54F 
100 
,..A 
Max 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
,..A 
VOUT = Vcc 
Leakage 
Current 
74F 
50 
Max 


VIO 
Input Leakage 
Test 
74F 
4.75 
V 
0.0 
110= 1.9,..A, 


All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
,..A 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output 
Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


'CCH 
Power Supply Current 
104 
125 
mA 
Max 
Vo = HIGH 


'CCL 
Power Supply Current 
113 
135 
mA 
Max 
Vo = LOW 
• 


AC Electrical Characteristics: 
See Section 2 for Waveforms 
and load 
Configurations 


74F 
S4F 
74F 


TA = +2SOC 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 


CL = SOpF 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


fmax 
Maximum 
Clock Frequency 
100 
85 
MHz 
2-1 


tpLH 
Propagation 
Delay 
3.5 
8.0 
3.5 
9.0 
2-3 
ns 
tpHL 
CP to Qn (Count-Up) 
4.5 
10.5 
4.5 
11.0 


tpLH 
Propagation 
Delay 
3.5 
9.5 
3.5 
10.0 
2-3 
U/DtoTC 
9.5 
4.5 
11.0 
ns 
tpHL 
4.5 


tpLH 
Propagation 
Delay 
3.5 
9.0 
3.5 
10.5 
2-3 
CET to TC 
3.0 
10.5 
3.0 
11.5 
ns 
tpHL 


tpLH 
Propagation 
Delay 
4.5 
10.0 
4.5 
10.5 
2-3 
CPtoTC 
10.0 
4.5 
10.5 
ns 
tpHL 
5.0 


tpLH 
Propagation 
Delay 
3.5 
10.5 
3.5 
11.0 
2-3 
ns 
tpHL 
CP to On (Count· Down) 
4.5 
10.5 
4.5 
11.0 


tPLH 
Propagation 
Delay 
3.5 
9.0 
3.5 
10.0 
2-3 
tpHL 
CP to Qn (load) 
4.0 
9.0 
4.0 
9.0 
ns 


AC Operating Requirements: 
See Section 2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Min 
Max 
Mln 
Max 
Mln 
Max 


ts(H) 
Setup Time, HIGH or lOW 
3.5 
4.0 


ts(l) 
DatatoCP 
3.0 
3.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or lOW 
1.0 
2.0 
th(l) 
DatatoCP 
1.0 
1.0 


ts(H) 
Setup Time, HIGH or lOW 
5.5 
6.5 
ts(l) 
PEto 
CP 
5.5 
6.5 
ns 
2-6 
th(H) 
Hold Time, HIGH or lOW 
0 
0 
th(l) 
PEtoCP 
0 
0 


ts(H) 
Setup Time, HIGH or lOW 
6.0 
6.5 
ts(l) 
CET or CEP to CP 
8.0 
9.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or lOW 
0 
0 
th(l) 
CET or CEP to CP 
0 
0 


tw(H) 
Clock Pulse Width, HIGH or lOW 
3.5 
3.5 


twIll 
3.5 
4.0 
ns 
2-4 


ts(H) 
Setup Time, HIGH or lOW 
8.0 
9.5 
ts(l) 
U/DtoCP 
6.0 
7.0 
ns 
2-6 


th(H) 
Hold Time, HIGH or lOW 
0.0 
0.0 
th(l) 
U/DtoCP 
0.0 
0.0 
ns 
2-6 


~National 
~ 
semiconductor 


54F/74F273 
Octal 0 Flip-Flop 


General Description 


The 'F273 
has eight edge-triggered 
D-type flip-flops 
with in- 
dividual 
D inputs 
and 
Q outputs. 
The 
common 
buffered 
Clock 
(CP) and 
Master 
Reset 
(MR) 
inputs 
load and 
reset 
(clear) 
all flip-flops 
simultaneously. 


The register 
is fully edge-triggered. 
The state of each Din- 
put, 
one 
setup 
time 
before 
the 
LOW-to-HIGH 
clock 
tran- 
sition, 
is transferred 
to the corresponding 
flip-flop's 
Q out- 


put. 


All outputs 
will be forced 
LOW 
independently 
of Clock 
or 


Data inputs 
by a LOW voltage 
level on the MR input. The 
device is useful for applications 
where the true output only is 
required 
and the Clock and Master 
Reset are common 
to all 
storage 
elements. 


Features 


• 
Ideal buffer 
for MaS 
microprocessor 
or memory 


• 
Eight edge-triggered 
D flip-flops 


• 
Buffered 
common 
clock 


• 
Buffered, 
asynchronous 
Master 
Reset 


• 
See 'F377 
for clock 
enable 
version 


• 
See 'F373 
for transparent 
latch version 


• 
See 'F374 
for TRI-STATE<B> version 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


Pin Assignment 
for 
DIP, SOIC and Flatpak 


f.iR 
1 


00 
2 


DO 
3 


01 
• 


01 
5 


O2 
6 


O2 
7 


03 
8 


03 
9 


GND 
10 


Pin Assignment 
for LCC 


~ ~ ~ 0101 
rn[l][[]mrn 


03 rn 


GND [QJ 


CP ITII 
0.1rn 
o. 1m 


1i3Jfj]J1!§J[j])1!E 


Ds°506Ds~ 


moo 
moo 


[]]f.iR 


1m Vcc 
G]] 07 


• 


54F174F 


Pin Names 
Description 
U.L. 
Input IIHIIIL 


HIGH/LOW 
Output 
IOH/IOL 


00-07 
Data Inputs 
1.0/1.0 
20 )JoA/-0.6 
mA 


MR 
Master Reset (Active 
LOW) 
1.0/1.0 
20 )JoA/-0.6 
mA 


CP 
Clock Pulse Input (Active 
Rising Edge) 
1.0/1.0 
20 )JoA/-0.6 
mA 
00-07 
Data Outputs 
50/33.3 
-1 
mA/20mA 


Operating 
Mode 
Inputs 
Output 


MR 
CP 
On 
an 


Reset (Clear) 
L 
X 
X 
L 


Load '1' 
H 
...-r 
h 
H 


Load '0' 
H 
...-r 
I 
L 


H ~ HIGH Voltage Level steady state 
h = HIGH 
Voltage 
level one setup time prior to the LOW-to·HIGH clock 
transition 
L - 
LOW Voltage Level steady state 
I = LOW Voltage 
Level one setup time prior to the LOW-to-HIGH 
clock 


transition 
X = Immaterial 
J' ~ LOW-to-HIGH 
clock transition 


TUF/9511-4 


Please 
note that this diagram 
is provided only for the understanding 
of logic operabons 
and should not be used to estimate 
propagation 
delays. 


Commercial 


Supply 
Voltage 
Military 
Commercial 


- 55'C to + 125'C 


- 55'C to + 175'C 


Ambient 
Temperature 
under Bias 


Junction 
Temperature 
under Bias 


Vee 
Pin Potential 
to 
Ground 
Pin 


Input Voltage 
(Note 2) 


Input Current 
(Note 2) 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vee = OV) 
Standard 
Output 
TRI-STATE 
Output 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing Voltage 
(min) 
4000V 


Note 1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


+ 4.5V to + 5.5V 
+ 4.5V to + 5.5V 


-0.5Vto 
+7.0V 


-0.5Vto 
+7.0V 


-30 
mA to +5.0 
mA 


-0.5Vto 
Vee 
-0.5V 
to + 5.5V 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


Veo 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
Mil 
2.5 
10H = -1 
mA 


Voltage 
10% Vee 
2.5 
V 
Min 


5% Vec 
2.7 


VOL 
Output 
LOW 
Mil 
0.5 
10L = 20mA 


Voltage 
10% Vcc 
0.5 
V 
Min 


5% Vec 
0.5 


IIH 
Input HIGH 
54F 
20.0 
p.A 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


levi 
Input HIGH Current 
54F 
100 
p.A 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 
Max 


ICEX 
Output 
HIGH 
54F 
250 
p.A 
VOUT = Vcc 
Leakage 
Current 
74F 
50 
Max 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9 p.A 


Test 
All other pins grounded 


100 
Output 
Leakage 
74F 
3.75 
p.A 
0.0 
VIOO = 150mV 
Circuit Current 
All other pins grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


lecH 
Power Supply Current 
44 
mA 
Max 
CP = .../ 


fecL 
56 
On = MR = HIGH • 


AC Electrical Characteristics: 
See Section 2 for Waveforms 
and load 
Configurations 


74F 
S4F 
74F 


TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 


CL = SOpF 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


fmax 
Maximum 
Clock Frequency 
160 
9.5 
130 
MHz 
2-1 


tpLH 
Propagation 
Delay 
3.0 
7.0 
2.5 
9.5 
2.5 
7.5 
2-4 
ns 
tpHL 
Clock to Output 
4.0 
9.00 
3.0 
11.0 
3.5 
9.0 


tpLH 
Propagation 
Delay 
4.5 
9.5 
3.0 
11.0 
4.0 
10.0 
ns 
2-4 
tpHL 
MR to Output 


AC Operating Requirements: 
See Section 2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tslH) 
Setup Time, HIGH or lOW 
3.0 
3.5 
3.0 


tsll) 
Data toCP 
3.5 
4.0 
3.5 
2-6 
ns 
thlH) 
Hold Time. HIGH or lOW 
0.5 
1.0 
0.5 


thll) 
DatatoCP 
1.0 
1.0 
1.0 


twll) 
MR Pulse Width, 
lOW 
6.0 
4.0 
6.0 
ns 
2-4 


twlH) 
CP Pulse Width 
6.0 
5.0 
6.0 
2-4 
twll) 
HIGH or lOW 
6.0 
5.0 
6.0 
ns 


tree 
Recovery 
Time, MR to CP 
3.0 
4.5 
3.5 
ns 
2-4 


~National 
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54F/74F280 
9-Bit Parity Generator/Checker 


General Description 


The 'F2BO is a high-speed 
parity generator 1checker 
that ac- 
cepts 
nine bits of input data and detects 
whether 
an even or 
an odd number 
of these 
inputs 
is HIGH. 
If an even number 
of inputs 
is HIGH, the Sum Even output 
is HIGH. 
If an odd 
number 
is HIGH, 
the 
Sum 
Even 
output 
is LOW. 
The Sum 
Odd output 
is the complement 
of the Sum Even output. 


Features 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


Ordering Code: 
See Section 
5 


Logic Symbols 


Pin Assignment 
for 
Pin Assignment 
DIP, SOIC and Flatpak 
forLCC 


2:rNCIsNCNC 


16 
14 
Vcc 
[[) [mIl rn ill 
7 
2 
13 
15 
NC 
3 
12 
14 
%orn 
[IJ17 


%0 
%E 
Is 
4 
11 
13 
GND[Q] 
ml6 


%E 
5 
10 
12 
HC II] 
[I)NC 


TL/F/9512-3 
%0 
6 
9 
11 
10I!ll 
~VCC 


111m 
!lID15 
GND 
7 
8 
10 


IEEE/IEC 
[1J~1rn1i1l1lID 
TLiF/9512-1 
2 NCI3NCI4 
2k 
TL/F/9512-2 


54F174F 


Pin Names 
Description 
U.L. 
Input 
IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


10-18 
Data Inputs 
1.0/1.0 
20 p.AI - 0.6 mA 
~o 
Odd Parity Output 
50133.3 
-1 mAl20mA 


~E 
Even Parity Output 
50/33.3 
-1 mAl20 
mA 
• 


0,2,4,6,8 
1,3,5,7,9 


TLIF/9512-4 


Please 
note that this diagram 
is provided 
only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
-55'C 
to + 125'C 
Storage 
Temperature 
-65'C 
to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-55'C 
to + 175'C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5Vto 
Vcc 
TRI-STATE<!l Output 
- 0.5V to + 5.5V 


Current 
Applied 
to Output 
in lOW 
State (Max) 
twice the rated 10L (mA) 


ESD last 
Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input lOW 
Voltage 
0.8 
V 
Recognized 
as a lOW 
Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
lOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 
Voltage 
74F 10% Vcc 
0.5 
10L = 20mA 


IIH 
Input HIGH Current 
54F 
20.0 
p.A 
Max 
VIN = 2.7V 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
p.A 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
p.A 
Max 
VOUT = Vcc 
leakage 
Current 
74F 
50 


VID 
Input leakage 
Test 
74F 
4.75 
V 
0.0 
110= 1.9 p.A 


All Other Pins Grounded 


100 
Output 
leakage 
74F 
3.75 
p.A 
0.0 
VIOD = 150 mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input lOW 
Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
25 
38 
mA 
Max 
Vo = HIGH 


74F 
S4F 
74F 


TA = +2S'C 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc = 
+S.OV 
Cl = SOpF 
Cl = SOpF 
Units 
No. 
Cl = SOpF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
6.5 
10.0 
15.0 
6.5 
20.0 
6.5 
16.0 
2-3 
tpHL 
In tO~E 
6.5 
11.0 
16.0 
6.5 
21.0 
6.5 
17.0 
ns 


tpLH 
Propagation 
Delay 
6.0 
10.0 
15.0 
6.0 
20.0 
6.0 
16.0 
2-3 
tpHL 
Into~o 
6.5 
11.0 
16.0 
6.5 
21.0 
6.5 
17.0 
ns 


~National 
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54F/74F283 
4-Bit Binary Full Adder with Fast Carry 


Features 


• 
Guaranteed 
4000V 
minimum 
ESD protection 
General Description 


The 
'F283 
high-speed 
4-bit 
binary 
full 
adder 
with 
internal 
carry 
lookahead 
accepts 
two 
4-bit 
binary 
words 
(Ao-A3' 


Bo-B3) 
and a Carry input (Co). It generates 
the binary Sum 
outputs 
(SO-S3) 
and the Carry 
output 
(C4) from 
the 
most 
significant 
bit. 
The 
'F283 
will 
operate 
with 
either 
active 
HIGH or active 
LOW operands 
(positive 
or negative 
logic). 


Ordering Code: 
See Section 
5 


Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 


51 
16 
Voc 


C. 
81 
15 
82 


Al 
I. 
A2 


50 
13 
52 


TL/F/9513-1 
Ao 
12 
A3 


80 
11 
83 


IEEE/IEC 
Co 
10 
53 


GND 
9 
C. 
} 


2: 
Ao 
TLIF/9513-2 


AI 


A2 


A3 


'1: 


50 


51 


80 ]- 


52 


8, 
53 


82 


83 


Co 
CI 
co 
C. 


TLIF/9513-' 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


Ao-A3 
A Operand 
Inputs 
1.0/2.0 
20 p.A! -1.2 
mA 


Bo-B3 
B Operand 
Inputs 
1.0/2.0 
20 p.A! -1.2 
mA 


Co 
Carry Input 
1.0/1.0 
20 p.A! -0.6 
mA 


SO-S3 
Sum Outputs 
50/33.3 
-1 
mA!20mA 


C4 
Carry Output 
50/33.3 
-1 
mA!20mA 


Pin Assignment 
for LCe 


So An NC 50 Al 
00 [l]m rnm 
cornDrn81 
GND IJ]J 
m5, 


NC IllJ 
[IJ NC 
C. [j]] 
I1QIVoc 


53/j] 
@)82 


~1J]J1rn1!1J@) 


83A3NC~A:z 


Functional Description 
The 'F283 
adds two 4-bit binary words 
(A plus 8) plus the 
incoming 
Carry 
(Co). The 
binary 
sum appears 
on the 5um 
(50-53) 
and outgoing 
carry (C4) outputs. 
The binary weight 
of the various 
inputs 
and outputs 
is indicated 
by the 
sub- 
script 
numbers, 
representing 
powers 
of two. 


20(Ao + 80 + Co) + 21 (A1 + 81) 
+ 22 (A2 + 82) + 23 (A3 + 83) 
= 50 + 251 + 452 + 853 + 16C4 


Where 
(+) = plus 


Interchanging 
inputs of equal weight 
does not affect the op- 
eration. 
Thus 
Co, Ao, 80 can be arbitrarily 
assigned 
to pins 
5,6 and 7 for DIP5, and 7, 8 and 9 for chip carrier packages. 
Due to the symmetry 
of the binary add function, 
the 'F283 
can be used either 
with all inputs 
and outputs 
active 
HIGH 
(positive 
logic) 
or with 
all inputs 
and 
outputs 
active 
LOW 
(negative 
logic). 
5ee Figure 
1. Note that if Co is not used it 
must 
be tied 
LOW 
for active 
HIGH 
logic 
or tied 
HIGH 
for 
active 
LOW logic. 


Due to pin limitations, 
the intermediate 
carries 
of the 'F283 
are not brought 
out for use as inputs 
or outputs. 
However, 


other means can be used to effectively 
insert a carry into, or 
bring 
a carry 
out 
from, 
an 
intermediate 
stage. 
Figure 
2 
shows 
how to make a 3-bit adder. Tying the operand 
inputs 
of the fourth 
adder 
(A3, 83) LOW makes 
53 dependent 
only 
on, and equal to, the carry from the third adder. Using some- 
what 
the same 
principle, 
Figure 
3 shows 
a way of dividing 
the 
'F283 
into 
a 2-bit 
and 
a 1-bit 
adder. 
The 
third 
stage 
adder 
(A2' 82, 52) is used merely 
as a means 
of getting 
a 
carry (C1O) signal into the fourth 
stage 
(via A2 and 82) and 
bringing 
out the carry 
from 
the second 
stage 
on 52. Note 
that as long as A2 and 82 are the same, 
whether 
HIGH or 
LOW, they do not influence 
52. 5imilarly, 
when 
A2 and 82 
are the same 
the carry 
into the third 
stage 
does 
not influ- 
ence the carry out of the third stage. Figure 4 shows 
a meth- 
od of implementing 
a 5-input 
encoder, 
where the inputs are 
equally weighted. 
The outputs 
50, 51 and 52 present 
a bina- 
ry number 
equal to the number 
of inputs 
11-IS that are true. 


Figure 
5 shows 
one method 
of implementing 
a 5-input 
ma- 
jority gate. When three 
or more of the inputs 
11-IS are true, 


the output 
Ms is true. 


Co 
Ao 
A1 
A2 
A3 
80 
81 
82 
83 
50 
51 
52 
53 
C4 


Logic Levels 
L 
L 
H 
L 
H 
H 
L 
L 
H 
H 
H 
L 
L 
H 


Active 
HIGH 
0 
0 
1 
0 
1 
1 
0 
0 
1 
1 
1 
0 
0 
1 


Active 
LOW 
1 
1 
0 
1 
0 
0 
1 
1 
0 
0 
0 
1 
1 
0 


Active HIGH: 0 + 10 + 9 ~ 3 + 16 
Active LOW: 1 + 5 + 6 ~ 12 + 0 
FIGURE 
1. Active 
HIGH versus 
Active 
LOW Interpretation 
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II 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55°C to + 125°C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-55°C 
to + 175°C 
Military 
+ 4.5V to + 5.5V 


VCC Pin Potential 
to 
Commercial 
+4.5Vto 
+5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 
TRI-STATE@ 
Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current 
limit is sufficient to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
VCC 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH Current 
54F 
20.0 
p.A 
Max 
VIN = 2.7V 


74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
p.A 
Max 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
p.A 
Max 
VOUT = Vcc 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
Test 
74F 
4.75 
V 
0.0 
110= 1.9p.A 


All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
p.A 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V (CO) 


-1.2 
VIN = 0.5V (An. Bn) 


10S 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
36 
55 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
36 
55 
mA 
Max 
Vo = LOW 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
54F 
74F 


TA = +25°C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
VCC = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
CL = SOpF 


Min 
Typ 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
3.5 
7.0 
9.5 
3.5 
14.0 
3.5 
11.0 
2-3 
tpHL 
Co to Sn 
3.0 
7.0 
9.5 
3.0 
14.0 
3.0 
11.0 
ns 


tpLH 
Propagation 
Delay 
3.0 
7.0 
9.5 
3.0 
17.0 
3.0 
13.0 
2-3 
tpHL 
Anor 
Bn toSn 
3.0 
7.0 
9.5 
3.0 
14.0 
3.0 
11.5 
ns 


tpLH 
Propagation 
Delay 
3.0 
5.7 
7.5 
3.0 
10.5 
3.0 
8.5 
2-3 
tpHL 
Co to C4 
3.0 
5.4 
7.0 
2.5 
10.0 
3.0 
8.0 
ns 


tpLH 
Propagation 
Delay 
3.0 
5.7 
7.5 
3.0 
10.5 
3.0 
8.5 
2-3 
tpHL 
An or Bn to C4 
2.5 
5.3 
7.0 
2.5 
10.0 
2.5 
8.0 
ns 


• 
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~ 
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54F/7 4F299 Octal Universal Shift/Storage 
Register 
with Common Parallel I/O Pins 


General Description 


The 
'F299 
is an S-bit universal 
shift/storage 
register 
with 
TAI-STATElfil 
outputs. 
Four modes 
of operation 
are possi- 
ble: hold (store), 
shift left, shift right and load data. The par- 
allel load inputs 
and flip-flop 
outputs 
are mUltiplexed 
to re- 
duce the total 
number 
of package 
pins. Additional 
outputs, 
00-07, are provided 
to allow easy serial cascading. 
A sep- 
arate active 
LOW Master 
Aeset 
is used to reset the register. 


Features 


• 
Common 
parallel 
I/O 
for reduced 
pin count 


• 
Additional 
serial inputs 
and outputs 
for expansion 


• 
Four 
operating 
modes: 
shift 
left, 
shift 
right, 
load 
and 
store 


• 
TAl-STATE 
outputs 
for bus-oriented 
applications 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


Pin Assignment 
Pin Assignment 
for DIP, SOIC and Flatpak 
forLCC 
0, 


00 1/00I/~ 1/0.1/06 
50 
Vcc 
III m 
rn (1)[II 
0E1 
51 


TL/F/9515-1 
0E2 
DS7 
iIRlii 
rn 0E2 


1/°6 
07 
GND [Q] 
rn 0E1 


I/0. 
1/°7 
DSo[j] 
[j] 50 
IEEE/IEC 
CP 1m 
~Vcc 
1/°2 
1/°5 
1/01 GlJ 
1IID51 
1/°0 
1/°3 


00 
1/°1 
jj]1rnjj]J1!ZI1J]J 
iIR 
CP 
1/031/~I/Or~~ 


GND 
DSo 
TL/F/9515-3 


TL/F/9515-2 


00 


Ordering Code: 
See Section 
5 


Logic Symbols 


54F/74F 


Pin Names 
Description 
U.L. 
Input IIHIIIL 
HIGH/LOW 
Output IOH/IOL 


CP 
Clock Pulse Input (Active Rising Edge) 
1.0/1.0 
20 ItAl- 
0.6 mA 
DSo 
Serial Data Input for Right Shift 
1.0/1.0 
20 ItAl- 
0.6 mA 
DS7 
Serial Data Input for Left Shift 
1.0/1.0 
20 ItAl-0.6 
mA 
SO.Sl 
Mode Select Inputs 
1.0/2.0 
20 ItAl-1.2 
mA 
MR 
Asynchronous Master Reset Input (Active LOW) 
1.0/1.0 
20 ItAl- 
0.6 mA 
DEl. OE2 
TRI-STATE Output Enable Inputs (Active LOW) 
1.0/1.0 
20 ItAl-0.6 
mA 
1/00-1/07 
Parallel Data Inputs or 
3.5/1.083 
70 ItAl-0.65 
mA 
TRI-STATE Parallel Outputs 
150/40(33.3) 
-3 mAl24 mA (20 mAl 
QO.Q7 
Serial Outputs 
50/33.3 
-1 mAl20mA 


Functional Description 
The 'F299 contains eight edge-triggered Ootype flip-flops 
and the interstage logic necessary to perform synchronous 
shift left. shift right. parallel load and hold operations. The 
type of operation is determined by So and Sl. as shown in 
the Mode Select Table. All flip-flop outputs are brought out 
through TRI-STATE buffers to separate I/O pins that also 
serve as data inputs in the parallel load mode. Qo and Q7 
are also brought out on other pins for expansion in serial 
shifting of longer words. 
A LOW signal on MR overrides the Select and CP inputs 
and resets the flip-flops. All other state changes are initiated 
by the rising edge of the clock. Inputs can change when the 
clock is in either state provided only that the recommended 
setup and hold times. relative to the rising edge of CPoare 
observed. 


A HIGH signal on either OEl or DE2 disables the TRI- 
STATE buffers and puts the 1/0 pins in the high impedance 
state. In this condition the shift. hold. load and reset opera- 
tions can still occur. The TRI-STATE outputs are also dis- 
abled by HIGH signals on both So and Sl in preparation for 
a parallel load operation. 


Mode Select Table 


Inputs 
Response 
MR Sl 
So cp 


L 
X 
X 
X 
Asynchronous Reset; QO-Q7 = LOW 
H 
H 
H -../ 
Parallel Load; lIOn -+ Qn 
H 
L 
H -../ 
Shift Right; DSo -+ QO.QO -+ Ql. etc. 
H 
H 
L -../ 
Shift Left; DS7 -+ Q7.07 -+ 06. etc. 


H 
L 
L 
X 
Hold 


H ~ 
HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = Immaterial 
.../" 
~ LOW-Ie-HIGH 
Clock Trans~lon 


L 
>- 
~ 
L ~o- 
~Q 


•... 
"l.. 
..r 


}- 


L 
;;;;;, fij 
=00- 


D 
Q 
•... 


~ 
'L 
..r 


J- 
- 
L 
::::: 
CP 
=00- i! 


•... 
'L 
..r 


J- 
- 
L ~o- 


CPi! 


•... 
'L 
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L ~o- 


CPi! 


•... 
'L 
~..r 
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I 


L 
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DC Q 


"l.. 
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L 
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L 
:::::=00- 
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Please note that this diagram is provided only for the understanding 
of logic operations 
and should not be used to estimate propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Voltage 
Applied 
to Output 


please 
contact 
the 
National 
Semiconductor 
Sales 
in HIGH State 
(with Vee = OV) 


Office/Distributors 
for availability 
and specifications. 
Standard 
Output 
-0.5Vto 
Vee 


Storage 
Temperature 
- 65'C to + 150'C 
TRI-STATE 
Output 
-0.5V 
to + 5.5V 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Current 
Applied 
to Output 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
in LOW State (Max) 
twice the rated 10L (mA) 


Vee 
Pin Potential 
to 
Recommended 
Operating 
Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 
Conditions 


Input Current 
(Note 2) 
-30mAto 
+5.0mA 
Free Air Ambient 
Temperature 


ESO Last Passing Voltage 
(Min) 
4000V 
Military 
- 55'C to + 125'C 


Commercial 
O'Cto 
+70'C 
Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
Supply 
Voltage 
be damaged or have its useful life impaired. Functional operation under 


these condrtions 
is not implied. 
Military 
+ 4.5V to + 5.5V 


Note 
2: Either 
voltage 
limit 
or current 
limit 
is sufficient 
to protect 
inputs. 
Commercial 
+ 4.5V to + 5.5V 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


Veo 
Input Clamp Oiode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vee 
2.5 
10H = -1 
mA (00. 07. I/On) 
Voltage 
54F 10% Vee 
2.4 
10H = -3 
mA (liOn) 
74F 10% Vee 
2.5 
V 
Min 
10H = -1 
mA (00. 07. I/On) 
74F 10% Vee 
2.4 
10H = -3 
mA (liOn) 


74F5% 
Vee 
2.7 
10H = -1 
mA (00. 07. I/On) 
74F5% 
Vee 
2.7 
10H = -3 
mA (liOn) 


VOL 
Output 
LOW 
5410% 
Vee 
0.5 
10L = 20 mA 
Voltage 
7410% 
Vee 
0.5 
V 
Min 
10L = 20 mA (00. 07) 
7410% 
Vee 
0.5 
10L = 24 mA (liOn) 


IIH 
Input HIGH 
54F 
20.0 
J-LA 
Max 
VIN = 2.7V (CP. OSo. OS7. So. Sl, 
Current 
74F 
5.0 
MR. OE1. OE2) 


IBVI 
Input HIGH Current 
54F 
100 
J-LA 
Max 
VIN = 7.0V (CP. OSo. OS7. So, 51. 


Breakdown 
Test 
74F 
7.0 
MR. GEl. 
OE2) 


IBVIT 
Input HIGH Current 
54F 
1.0 
mA 
Max 
VIN = 5.5V (liOn) 
Breakdown 
Test (I/O) 
74F 
0.5 


leEX 
Output 
HIGH 
54F 
250 
J-LA 
Max 
VOUT = Vee 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9J-LA 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
J-LA 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V (CP. OSo. OS7. MR. GEl. 
OE2) 


-1.2 
VIN = 0.5V (So. Sl) 


IIH+ 
Output 
Leakage 
Current 
70 
J-LA 
Max 
Vila 
= 2.7V (I/On) 


10ZH 


IlL + 
Output 
Leakage 
Current 
-650 
J-LA 
Max 
Vila 
= 0.5V (liOn) 
10ZL 


105 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


Izz 
Bus Orainage 
Test 
500 
J-LA 
O.OV 
VOUT = 5.25V 


leCH 
Power Supply Current 
68 
95 
mA 
Max 
Va = HIGH 


leeL 
Power Supply Current 
68 
95 
mA 
Max 
Va = LOW 


leez 
Power Supply Current 
68 
95 
mA 
Max 
Va = HIGHZ 


AC Electrical Characteristics: 
See Section 2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2SoC 
TA,VCC = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Cl = SOpF 
Cl = SOpF 
Units 
No. 


Cl = SOpF 


Mln 
Typ 
Max 
Min 
Max 
Mln 
Max 


fmax 
Maximum 
Input Frequency 
70 
100 
70 
MHz 
2-1 


tpLH 
Propagation 
Delay 
4.0 
7.0 
8.0 
4.0 
8.5 


tpHL 
CPtoOoor07 
4.5 
6.5 
8.0 
4.5 
8.5 
2-3 
ns 


tpLH 
Propagation 
Delay 
3.5 
7.0 
9.0 
3.5 
10.0 


tpHL 
CPto 
liOn 
4.0 
8.5 
9.0 
4.0 
10.0 


tpHL 
Propagation 
Delay 
5.5 
7.5 
9.5 
5.5 
10.5 
MR to 00 or07 
ns 
2-3 


tpHL 
Propagation 
Delay 
5.5 
11.0 
10.0 
5.5 
10.5 
MR to liOn 


tpZH 
Output 
Enable Time 
3.5 
6.0 
8.0 
3.5 
9.0 


tpZL 
DE to liOn 
4.0 
7.0 
10.0 
4.0 
11.0 
2-5 
ns 


tpHZ 
Output 
Disable Time 
2.0 
4.5 
6.0 
2.0 
7.0 


tpLZ 
DE to liOn 
1.0 
4.0 
5.5 
1.0 
6.5 


tpZH 
Output 
Enable Time 
3.5 
9.0 
3.5 
10.0 
2-5 
tpZL 
Sn to liOn 
4.0 
10.0 
4.0 
11.0 
ns 


tpHZ 
Output 
Disable Time 
2.5 
6.0 
2.5 
7.0 
2-5 
ns 
tpLZ 
Sn to liOn 
1.5 
5.5 
1.5 
6.5 


AC Operating Requirements: 
See Section 2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Mln 
Max 
Min 
Max 
Mln 
Max 


t5(H) 
Setup Time, HIGH or LOW 
8.5 
8.5 
t5(L) 
SOorSl 
toCP 
8.5 
8.5 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
0 
0 
th(L) 
SOorSl 
toCP 
0 
0 


t5(H) 
Setup Time, HIGH or LOW 
5.0 
5.0 
t5(L) 
liOn, DSo or DS7 to CP 
5.0 
5.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
2.0 
2.0 
th(L) 
liOn, DSo or DS7 to CP 
2.0 
2.0 


tw(H) 
CP Pulse Width 
5.0 
5.0 
tw(L) 
HIGH or LOW 
5.0 
5.0 
ns 
2-4 


tw(L) 
MR Pulse Width, 
LOW 
5.0 
5.0 
ns 
2-4 


tree 
Recovery 
Time, MR to CP 
7.0 
7.0 
ns 
2-6 
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54F/74F322 
Octal Serial/Parallel 
Register with Sign Extend 


Pin Assignment 
Pin Assignment 
for DIP, SOICand Flatpak 
forlCC 


ilE 
ex Vo,V~ VOsI/O, 
1 
20 
Vcc 
[I] [!HI] [I] lil 
sjP 
2 
19 
S 


Do 
3 
18 
S£ 
·'0" 


I/o, 
• 
17 
0, 
GIlD1m 
[IJSjP 


1/°5 
5 
16 
I/0, 
CP[j] 
milE 


I/0. 
6 
15 
I/0. 
0oU]! 
Il1!vcc 
~o~ 
~S 


1/°1 
7 
1. 
1/°2 


O£ 
8 
13 
1/°0 
~@]1iJI1iil1iJI 


Wi! 
9 
12 
°0 
I/Dz I/O. ifO&0, Sf 


GIlD 
10 
11 
CP 
TUF/9516-2 


TL/F/9516-1 


General Description 


The 'F322 
is an 8-bit shift register 
with provision 
for either 
serial or parallel 
loading 
and with TRI-ST ATElB>parallel 
out- 
puts 
plus a bi-state 
serial 
output. 
Parallel 
data 
inputs 
and 
parallel 
outputs 
are multiplexed 
to minimize 
pin count. 
State 
changes 
are initiated 
by the rising edge 
of the clock. 
Four 
synchronous 
modes 
of operation 
are possible: 
hold (store), 


shift 
right with serial 
entry, 
shift 
right with sign extend 
and 
parallel 
load. 
An 
asynchronous 
Master 
Reset 
(MR) 
input 
overrides 
clocked 
operation 
and clears 
the register. 


Ordering Code: 
See Section 
5 


Logic Symbols 


TUF/9516-3 


IEEE/IEC 


Wi! 


Of 
ilE 
sIP 


CP 


s£ 


Do 


0, 


I/o, 


I/0, 


1/°5 
I/0, 


1/°3 
1/02 
I/0, 


1/00 


00 


TL/F/9516-5 


Features 


• 
Multiplexed 
parallel 
110 ports 


• 
Separate 
serial 
input and output 


• 
Sign extend 
function 


• 
TRI-STATE 
outputs 
for bus applications 


• 


Unit Loading/Fan 
Out: 
See Section 2 for U.L.definitions 
• 


54F/74F 


Pin Names 
Description 
U.L. 
Input 
IIH/IIL 


HIGH/LOW 
Output 
IOH/IOL 


RE 
Register 
Enable 
Input (Active 
lOW) 
1.0/1.0 
20 ,..AI-0.6 
mA 


SIP 
Serial (HIGH) or Parallel (lOW) 
Mode Control 
Input 
1.0/1.0 
20 ,..AI-0.6 
mA 


SE 
Sign Extend 
Input (Active 
lOW) 
1.0/3.0 
20 ,..AI-1.6 
mA 


S 
Serial Data Select 
Input 
1.0/2.0 
20 ,..AI-1.2 
mA 
00,01 
Serial Data Inputs 
1.011.0 
20 ,..AI-0.6 
mA 


CP 
Clock Pulse Input (Active 
Rising Edge) 
1.0/1.0 
20 ,..AI- 0.6 mA 


MR 
Asynchronous 
Master Reset Input (Active 
lOW) 
1.011.0 
20 ,..AI-0.6 
mA 
DE 
TRI-STATE 
Output 
Enable 
Input (Active 
lOW) 
1.0/1.0 
20 ,..AI- 0.6 mA 


00 
Bi-State 
Serial Output 
50/33.3 
-1 mAl-20 
mA 
1/00-1107 
MUltiplexed 
Parallel Data Inputs or 
3.5/1.063 
70 ,..AI- 0.65 mA 


TRI-STATE 
Parallel Data Outputs 
150/40 (33.3) -3 mAl24 mA (20 mAl 


Functional 
Description 


The 'F322 contains 
eight 
D-type 
edge 
triggered 
flip-flops 
on SE enables 
serial 
entry 
from 
either 
Do or 01, as deter- 
and the interstage 
gating 
required 
to perform 
right shift and 
mined by the S input. A lOW 
signal on SE enables 
shift right 
the 
intrastage 
gating 
necessary 
for hold and synchronous 
but 07 reloads 
its contents, 
thus performing 
the sign extend 
parallel 
load operations. 
A lOW 
signal on RE enables 
shift- 
function 
required 
for the 'F364 Twos Complement 
Multiplier. 


ing or parallel 
loading, 
while a HIGH signal enables 
the hold 
A HIGH signal 
on OE disables 
the TRI-STATE 
output 
buff- 
mode. 
A HIGH 
signal 
on SIP 
enables 
shift 
right, 
while 
a 
ers, regardless 
of the other 
control 
inputs. 
In this condition 
lOW 
signal disables 
the TRI-STATE 
output 
buffers 
and en- 
the shifting 
and loading 
operations 
can still be performed. 
abies 
parallel 
loading. 
In the shift right mode a HIGH signal 


Mode 
Select 
Table 


Mode 
Inputs 
Outputs 
Qo 
MR 
RE 
SIP 
SE 
S 
OE· 
CP 
1/07 
1/06 
1/05 
1104 
1103 
1/02 
1/01 
1/00 


Clear 
l 
X 
X 
X 
X 
l 
X 
l 
l 
l 
l 
l 
l 
l 
l 
l 


l 
X 
X 
X 
X 
H 
X 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
l 


Parallel 
H 
l 
l 
X 
X 
X 
...r 
17 
16 
15 
load 
14 
13 
12 
11 
10 
10 


Shift 
H 
l 
H 
H 
l 
l 
...r 
Do 
07 
06 
Os 
04 
03 
02 
01 
01 
Right 
H 
l 
H 
H 
H 
l 
...r 
01 
07 
06 
Os 
04 
03 
02 
01 
01 


Sign 
H 
l 
H 
l 
X 
l 
...r 
07 
07 
06 
Os 
04 
03 
02 
01 
01 
Extend 


Hold 
H 
H 
X 
X 
X 
l 
...r 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 


·When the 'OE input is HIGH all I/on 
terminals are at the high impedance 
state; sequential 
operation or clearing of the register is not affected. 


Note 1: 1]-10 = The level of the steady-state 
input at the respective 
I/O terminal is loaded into the flip-flop while the flip-flop outputs (except 00) are isolated from 
the I/O terminal. 


Note 2: Do. 01 = The level of the steady-state 
inputs to the serial multiplexer 
input. 


Note 3: 07-00 
= The level of the respective an flip-flop prior to the last Clock LOW-to-HIGH 
transition. 


H = HIGH Voltage Level 
L - 
LOW Voltage Level 
Z ~ 
High Impedance 
Output State 


..../ = LOW-to-HIGH 
Transition 


NC = No Change 


TLIF/9516-4 


Please note that this diagram is provided only for the understanding 
of logic operations and should not be used to estimate propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 


If Military/Aerospace 
specified devices are required, 
Voltage 
Applied 
to Output 
please 
contact 
the 
National 
Semiconductor 
sales 
in HIGH State 
(with VCC = OV) 
Office/Distributors for availability and specifications. 
Standard 
Output 
-0.5Vto 
Vcc 


Storage 
Temperature 
- 65·C to + 150·C 
TRI-STATE 
Output 
-0.5V 
to + 5.5V 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Current 
Applied 
to Output 


Junction 
Temperature 
under Bias 
- 55·C to + 175·C 
in LOW State (Max) 
twice the rated 10L (mA) 


Vcc 
Pin Potential 
to 
Recommended 
Operating 
Ground 
Pin 
-0.5Vto 
+7.0V 
Conditions 
Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 
Free Air Ambient 
Temperature 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
Military 
- 55·C to + 125·C 


be damaged or have its useful life impaired. Functional operation under 
Commercial 
O·Cto 
+70·C 


these 
conditions 
is not implied. 
Supply 
Voltage 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 
Military 
+ 4.5V to + 5.5V 
Commercial 
+ 4.5V to + 5.5V 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
, 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA (QO. lIOn) 
Voltage 
54F 10% Vcc 
2.4 
10H = -3 
mA (liOn) 


74F 10% VCC 
2.5 
V 
Min 
10H = -1 
mA (QO. lIOn) 
74F 10% VCC 
2.4 
10H = -3 
mA (lIOn) 


74F 5% VCC 
2.7 
10H = -1 
mA (QO. lIOn) 


74F5% 
VCC 
2.7 
10H = -3 
mA (lIOn) 


VOL 
Output 
LOW 
54F 10% VCC 
0.5 
10L = 20 mA (QO. lIOn) 
Voltage 
74F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA (Qo) 
74F 10% Vcc 
0.5 
10L = 24 mA ( lIOn) 


IIH 
Input HIGH 
54F 
20.0 
/LA 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 


I 
100 
VIN = 7.0V (Non-I/O 
Inputs) 
Breakdown 
Test 
74F 
7.0 
/LA 
Max 


IBVIT 
Input HIGH Current 
54F 
1.0 
mA 
Max 
VIN = 5.5V (liOn) 
Breakdown 
Test (1/0) 
74F 
0.5 


ICEX 
Output 
HIGH 
54F 
250 
/LA 
Max 
VOUT = Vcc 
Leakage 
Current 
74F 
50 


VjO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9 /LA 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
/LA 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V (RE. SIP. 
On. CPo MR. OE) 


-1.2 
mA 
Max 
VIN = 0.5V (S) 


-1.8 
mA 
Max 
VIN = 0.5V (SE) 


IIH + 
Output 
Leakage 
Current 
70 
/LA 
Max 
VI/O = 2.7V (liOn) 
10ZH 


IlL + 
Output 
Leakage 
Current 
-650 
/LA 
Max 
VI/O = 0.5V (lIOn) 


10ZL 


105 
Output 
Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


IZZ 
Bus Drainage 
Test 
500 
/LA 
O.OV 
VOUT = 5.25V 


Icc 
Power Supply Current 
60 
90 
mA 
Max 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 


Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
CL = SOpF 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


fmax 
Maximum 
Clock Frequency 
70 
90 
50 
70 
MHz 
2-1 


tpLH 
Propagation 
Delay 
3.5 
7.0 
7.5 
3.5 
9.5 
3.5 
8.5 


tpHL 
CPto 
I/On 
5.0 
8.5 
11.0 
3.5 
10.0 
5.0 
12.0 
2-3 
ns 


tpLH 
Propagation 
Delay 
3.5 
7.0 
9.0 
3.5 
11.0 
3.5 
10.0 


tpHL 
CPtoQo 
3.5 
7.0 
8.0 
3.5 
10.0 
3.5 
9.0 


tpHL 
Propagation 
Delay 
6.0 
10.0 
13.0 
6.0 
15.0 
6.0 
14.0 
ns 
2-3 
MRto 
I/On 


tpHL 
Propagation 
Delay 
5.5 
7.5 
12.0 
5.5 
14.0 
5.5 
13.0 
ns 
2-3 
MRtoQo 


tpZH 
Output 
Enable Time 
3.0 
6.5 
9.0 
3.0 
12.5 
3.0 
10.0 


tpZL 
OEto 
I/On 
4.0 
8.5 
11.0 
4.0 
14.5 
4.0 
12.0 
2-5 
ns 


tpHZ 
Output 
Disable Time 
2.0 
4.5 
6.0 
2.0 
8.0 
2.0 
7.0 


tpLZ 
OEto 
I/On 
2.0 
5.0 
7.0 
2.0 
10.0 
2.0 
8.0 


tpZH 
Output 
Enable Time 
4.5 
8.0 
10.5 
4.5 
13.5 
4.5 
11.5 


tpZL 
S/Pto 
I/On 
5.5 
10.0 
14.0 
5.5 
17.0 
5.5 
15.0 
ns 
2-5 
tpHZ 
Output 
Disable Time 
5.0 
9.0 
11.5 
5.0 
16.5 
5.0 
12.5 


tpLZ 
S/Pto 
I/On 
6.0 
12.0 
15.5 
6.0 
19.5 
6.0 
16.5 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2SoC 
TA. Vcc = Mil 
TA. VCC = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tslH) 
Setup Time, HIGH or LOW 
6.0 
14.0 
7.0 
2-6 
tslL) 
REtoCP 
14.0 
18.0 
16.0 
ns 


thlH) 
Hold Time, HIGH or LOW 
0 
0 
0 
2-6 
thlL) 
REtoCP 
0 
0 
0 
ns 


tslH) 
Setup Time, HIGH or LOW 
6.5 
8.5 
7.5 
tslL) 
Do, D1 or liOn 
to CP 
6.5 
8.5 
7.5 
ns 
2-6 


thlH) 
Hold Time, HIGH or LOW 
2.0 
3.0 
3.0 
thlL) 
Do, D1 or I/On to CP 
2.0 
3.0 
3.0 
ns 
2-6 


tslH) 
Setup Time, HIGH or LOW 
7.0 
9.0 
8.0 
tslL) 
SE to CP 
2.5 
11.0 
3.5 
ns 
2-6 


thlH) 
Hold Time, HIGH or LOW 
2.0 
2.0 
2.0 
thlL) 
SEtoCP 
0.0 
1.0 
0.0 
ns 
2-6 


tslH) 
Setup Time, HIGH or LOW 
11.0 
13.0 
12.0 


tslL) 
S/PtoCP 
13.5 
21.0 
15.5 
ns 
2-6 


tslH) 
Setup Time, HIGH or LOW 
6.5 
8.5 
7.5 


tslL) 
StoCP 
9.0 
11.0 
10.0 
ns 
2-6 


thlH) 
Hold Time, HIGH or LOW 
0 
1.0 
0 
thlL) 
SorS/PtoCP 
0 
0 
0 
ns 
2-6 


twlH) 
CP Pulse Width, 
HIGH or LOW 
7.0 
8.0 
7.0 
twlL) 
ns 
2-4 


twlL) 
MR Pulse Width, 
LOW 
5.5 
7.5 
6.5 
2-4 


tree 
Recovery 
Time 
8.0 
12.0 
8.0 
ns 
2-6 
MR toCP 
• 


~National 
~ 
semiconductor 


54F/7 4F323 Octal Universal Shift/Storage 
Register 
with Synchronous Reset and Common I/O Pins 


General Description 


The 
'F323 
is an 8-bit 
universal 
shift/ storage 
register 
with 
TRI-STATE@ 
outputs. 
Its function 
is similar to the 'F299 with 
the 
exception 
of Synchronous 
Reset. 
Parallel 
load 
inputs 
and flip-flop 
outputs 
are multiplexed 
to minimize 
pin count. 


Separate 
serial inputs 
and outputs 
are provided 
for 00 and 
07 to allow easy cascading. 
Four operation 
modes 
are pos- 
sible: hold (store), 
shift left, shift right and parallel 
load. 


Features 


• 
Common 
parallel 
I/O for reduced 
pin count 


• 
Additional 
serial 
inputs 
and outputs 
for expansion 


• 
Four 
operating 
modes: 
shift 
left, 
shift 
right, 
load 
and 
store 


• 
TRI-STATE 
outputs 
for bus-oriented 
applications 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


Ordering Code: 
See Section 
5 


Logic Symbols 


050 
Do 


1/°0 
t> 


ZS 


1/°1 
t> 


Z6 


1/°2 


1/°3 


I/0. 


I/Os 


1/°6 


1/°7 
t> 


Z12 


057 
07 
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Pin Assignment 
for DIP, SOIC and Flatpak 


So 
1 


0[1 


0[2 


1/°6 
I/0. 


1/°2 


1/°0 


Do 
8 


SR 
9 


GNO 
10 


20 
Vcc 


19 
51 


18 
OS7 


17 
07 


16 
1/07 


IS 
I/Os 


1. 
1/03 


13 
1/01 


12 
CP 


11 
050 


Pin Assignment 
for LCC 


'IlV\loi/Ozllll,V'lo 
rnmmmm 
G::D~~; 
llSo [j] 
OJs, 


Cp [j] 
BQI Vcc 


1/01 II] 
[j] s, 


~[j]ff]JiIZl[j] 
vu,V'lovo,o,os, 


HIGH/LOW 
Output 
IOH/IOL 


CP 
Clock Pulse Input (Active 
Rising Edge) 
1.0/1.0 
20 1JoA/- 0.6 mA 


DSo 
Serial Data Input for Right Shift 
1.0/1.0 
20 1JoA/-0.6 
mA 


DS7 
Serial Data Input for Left Shift 
1.0/1.0 
20 1JoA/- 0.6 mA 


SO,S1 
Mode Select 
Inputs 
1.0/2.0 
20 1JoA/-1.2 
mA 
SA 
Synchronous 
Reset Input (Active 
LOW) 
1.0/1.0 
20 1JoA/-0.6 
mA 


OE1,OEz 
TRI·STATE 
Output Enable 
Inputs (Active 
LOW) 
1.0/1.0 
20 1JoA/-0.6 
mA 
1100-1107 
Multiplexed 
Parallel Data Inputs 
3.5/1.083 
70 1JoA/-0.65 
mA 


TRI·STATE 
Parallel Data Outputs 
150/40 
(33.3) 
-3 
mA/24 
mA (20 mAl 
00,07 
Serial Outputs 
50/33.3 
-1 
mA/20mA 


Functional Description 


The 
'F323 
contains 
eight 
edge· triggered 
D·type 
f1ip·flops 
and the interstage 
logic necessary 
to perform 
synchronous 
reset, shift left, shift right, parallel 
load and hold operations. 
The type of operation 
is determined 
by So and S1 as shown 
in the 
Mode 
Select 
Table. 
All f1ip·flop outputs 
are brought 
out through 
TRI-STATE 
buffers 
to separate 
110 pins 
that 
also serve as data inputs 
in the parallel 
load mode. 00 and 
07 are also brought 
out on other pins for expansion 
in serial 
shifting 
of longer words. 


A LOW signal on SA overrides 
the Select 
inputs and allows 
the flip·flops 
to be reset 
by the next rising edge 
of CPo All 


other 
state changes 
are also initiated 
by the LOW·to·HIGH 
CP transition. 
Inputs can change 
when the clock 
is in either 
state 
provided 
only that the recommended 
setup 
and hold 
times, 
relative 
to the rising edge of CP, are observed. 


A 
HIGH 
signal 
on 
either 
OE1 
or OEz 
disables 
the 
TRI- 
STATE 
buffers 
and puts the 110 pins in the high impedance 
state. 
In this condition 
the shift, load, hold and reset opera· 
tions 
can still occur. 
The TRI-STATE 
buffers 
are also 
dis· 
abled by HIGH signals 
on both So and S1 in preparation 
for 
a parallel 
load operation. 


Inputs 
Response 
SR 
5, 
So 
CP 


L 
X 
X 
....r 
Synchronous 
Reset; 00-07 
= LOW 


H 
H 
H 
....r 
Parallel Load; liOn 
-+ On 


H 
L 
H 
....r 
Shift Right; DSO -+ 00, 00 -+ 0" 
etc . 


H 
H 
L 
....r 
Shift Left; DS7 -+ 07,0] 
-+ 06, etc . 


H 
L 
L 
X 
Hold 


H = HIGH Voltage Level 
L - 
LOW Voltage Level 


X = Immaterial 
..../ = LOW-ta-HIGH 
transition 


• 


I 
>- 
:fl 
L 
::: 
CP 
=00- 
00 
•... 
I 
'L 


}o- 


I 
)- 
- 
L 
~ 


CP 
0- 
o 0 
•... 
- 
'L 
..r 


I 
).... 
- 
L 
~ 


_CP 
0- 
o 0 
•... 
- 
'L 
..r 


).... 
- 
L 
~ 


f-<CP 
0- 
o 0 
•... 
- 
'1... 
..r 


I 
).... 
- 
L 
::::: 
f-<CP 
=bo- 
O 0 
•... 


::::: 
- 
'1... 
...r 


I 
).... 


ffl 


L -.-00- 
•... 
'1.. 
..r 


I J- ffl 


L 
:::::-00- 
.. 
'1.. 
..r 


I 
)- 


~ 


L 
:::=bo- 
•... 
'1... 


_ r- 
}- 


~ 
-nur> 
.~ 
L~ 
... 
I ••.. 
I t 
•.. 
•.. 
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Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 


If Military/Aerospace 
specified 
devices 
are 
required, 
Current 
Applied 
to Output 


please 
contact 
the 
National 
Semiconductor 
sales 
in LOW State (Max) 
twice the rated 10L (mA) 


Office/Distributors 
for availability 
and specifications. 
ESD Last Passing Voltage 
(Min) 
4000V 


Storage 
Temperature 
-65·C 
to + 150·C 
Note 
1: Absolute 
maximum 
ratings are values 
beyond 
which the device 
may 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
be damaged or have its useful life impaired. Functional operation under 


these 
condrtions 
is not implied. 


Junction 
Temperature 
under Bias 
-55·C 
to + 175·C 
Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


Vcc 
Pin Potential 
to 
Recommended 
Operating 
Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 
Conditions 
Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 
Free Air Ambient 
Temperature 
Voltage 
Applied 
to Output 
Military 
-55·C 
to + 125·C 
in HIGH State 
(with Vcc = OV) 
Commercial 
O·Cto 
+70·C 
Standard 
Output 
-0.5Vto 
VCC 
Supply 
Voltage 
TRI-STATE 
Output 
- 0.5V to + 5.5V 
Military 
+4.5Vto 
+5.5V 
Commercial 
+ 4.5V to + 5.5V 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output HIGH 
54F 10% VCC 
2.5 
10H = -1 
mA 
(00,07) 


Voltage 
54F10% 
VCC 
2.4 
10H = -3mA 
(liOn) 


74F 10% VCC 
2.5 
V 
Min 
10H = -1 
mA 
(00,07) 


74F 10% VCC 
2.4 
10H = -3mA 
(I/On) 


74F5% 
VCC 
2.7 
10H = -1 
mA 
(00,07) 


74F5% 
VCC 
2.7 
10H = -3mA 
(I/On) 


VOL 
Output 
LOW 
54F 10% VCC 
0.5 
taL = 20 mA 
(liOn. 
00, 07) 


Voltage 
74F 10% Vcc 
0.5 
V 
Min 
10L = 20mA 
(00,07) 


74F 10% VCC 
0.5 
10L = 24mA 
(liOn) 


IIH 
Input HIGH 
54F 
20.0 
IJ-A 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


levi 
Input HIGH Current 
54F 
100 
IJ-A 
Max 
VIN = 7.0V (Non I/O Inputs) 


Breakdown 
Test 
74F 
7.0 


leVIT 
Input HIGH Current 
54F 
1.0 
mA 
Max 
VIN = 5.5V (I/O 
Inputs) 
Breakdown 
(I/O) 
74F 
0.5 


ICEX 
Output 
HIGH 
54F 
250 
IJ-A 
Max 
VOUT = VCC 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.91J-A 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
IJ-A 
0.0 
VI00 = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 
(CP, DSo, DS7, SR, 0E1' 
0E2) 
-1.2 
mA 
Max 
VIN = 0.5V 
(SO,S1) 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
Your 
= OV 


III 
Bus Drainage 
Test 
500 
IJ-A 
O.OV 
Your 
= 5.25V 


ICCH 
Power Supply Current 
68 
95 
mA 
Max 
Va = HIGH 


ICCL 
Power Supply Current 
68 
95 
mA 
Max 
Va = LOW 


ICCl 
Power Supply Current 
68 
95 
mA 
Max 
Va = HIGHZ 
• 


AC Electrical Characteristics: 
See Section 2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
CL = SOpF 


Mln 
Typ 
Max 
Mln 
Max 
Min 
Max 


fmax 
Maximum 
Input Frequency 
70 
100 
70 
MHz 
2-1 


tpLH 
Propagation 
Delay 
4.0 
7.0 
8.0 
4.0 
8.5 


tpHL 
CPto 
00 orO? 
4.5 
6.5 
8.0 
4.5 
8.5 
ns 
2-3 
tpLH 
Propagation 
Delay 
3.5 
7.0 
9.0 
3.5 
10.0 


tPHL 
CPto 
liOn 
4.0 
8.5 
9.0 
4.0 
10.0 


tpZH 
Output 
Enable Time 
3.5 
6.0 
8.0 
3.5 
9.0 


tpZL 
4.0 
7.0 
10.0 
4.0 
11.0 
ns 
2-5 
tpHZ 
Output 
Disable Time 
2.0 
4.5 
6.0 
2.0 
7.0 


tpLZ 
1.0 
4.0 
5.5 
1.0 
6.5 


tpZH 
Output 
Enable Time 
3.5 
9.0 
3.5 
10.0 
2-5 
ns 
tpZL 
Sn to liOn 
4.0 
10.0 
4.0 
11.0 


tpHZ 
Output 
Disable Time 
2.5 
6.0 
2.5 
7.0 
2-5 
tpLZ 
Sn to liOn 
1.0 
5.5 
1.5 
6.5 
ns 


AC Operating Requirements: 
See Section 2 for Waveforms 


74F 
54F 
74F 


Symbol 
Parameter 
TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tslH) 
Setup Time. HIGH or LOW 
8.5 
8.5 


tslL) 
SoorS, 
toCP 
8.5 
8.5 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
0 
0 
th(L) 
SOorS1 
toCP 
0 
0 


tslH) 
Setup Time. HIGH or LOW 
5.0 
5.0 


tslL) 
liOn. DSO. OS? to CP 
5.0 
5.0 
ns 
2-6 
thlH) 
Hold Time. HIGH or LOW 
2.0 
2.0 


thlL) 
liOn. DSO. OS? to CP 
2.0 
2.0 


tslH) 
Setup Time. HIGH or LOW 
10.0 
10.0 


tslL) 
SR toCP 
10.0 
10.0 
ns 
2-6 
th(H) 
Hold Time. HIGH or LOW 
0 
0 
th(L) 
SRtoCP 
0 
0 


twlH) 
CP Pulse Width 
5.0 
5.0 


twlL) 
HIGH or LOW 
5.0 
5.0 
ns 
2-4 
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54F/74F350 
4-Bit Shifter with TRI-STATE® Outputs 


Features 
• 
Linking inputs for word expansion 
• 
TRI-STATE outputs for extending shift range 


General Description 
The 'F350 is a specialized multiplexer that accepts a 4-bit 
word and shifts it 0, 1, 2 or 3 places, as determined by two 
Select (So,S1) inputs. For expansion to longer words, three 
linking inputs are provided for lower-order bits; thus two 
packages can shift an a-bit word, four packages a 16-bit 
word, etc. Shifting by more than three places is accom- 
plished by paralleling the TRI-STATE outputs of different 
packages and using the Output Enable (OE) inputs as a 
third Select level. With appropriate interconnections, the 
'F350 can perform zero-backfill, sign-extend or end-around 
(barrel) shift functions. 


Pin Assignment 
for DIP, SOIC and Flatpak 


1_3 '_2 ,_, 


So 
'_3 


S, 
'_2 


OE 
1_, 


' 
0 
I, 


TLiF/9518-3 
12 
13 


GND 
IEEE/IEC 


So 


S1 
or 


'-3 
°0 


1_2 


'_1 
0, 


' 
0 


I, 
°2 


12 


' 
3 
Z16 
V 
°3 
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Pin Assignment 
for LCC 


~ 
I, He 10 L, 
[I) [I][I) rn [IJ 


'3 rn 
GND [Q] 


NC (j] 


SllIll 


So IJ]] 


~1rn[i]]1!1lij]] 
03 02 He OE 0, 


(IJ1_2 
rnL3 
rnNC 


@IVcc 
IIIDOo 


54F/74F 


Pin Names 
Description 
U.L. 
Input 
IIH/IIL 


HIGH/LOW 
Output 
IOH/IOL 


80,81 
8elect 
Inputs 
1.0/2.0 
20 ",A/-1.2 
mA 


1-3-13 
Data Inputs 
1.0/2.0 
20 ",A/-1.2 
mA 


OE 
Output 
Enable 
Input (Active 
LOW) 
1.0/2.0 
20 ",A/-1.2 
mA 


00-03 
TRI-8TATE 
Outputs 
150/40 
(33.3) 
-3 
mA/24 
mA (20 mAl 


Functional Description 


The 'F350 
is operationally 
equivalent 
to a 4-input 
multiplexer 
with the 
inputs 
connected 
so that 
the select 
code 
causes 
successive 
one-bit 
shifts of the data word. This internal 
con- 
nection 
makes 
it possible 
to perform 
shifts 
of 0, 1, 2 or 3 
places 
on words 
of any length. 


A 4-bit data word is introduced 
at the In inputs and is shifted 
according 
to the code 
applied 
to the select 
inputs 
80, 81. 
Outputs 
00-03 
are 
TRI-8TATE, 
controlled 
by an 
active 
LOW output 
enable 
(OE). When OE is LOW, 
data outputs 
will follow 
selected 
data 
inputs; 
when 
HIGH, 
the data out- 
puts will be forced 
to the high impedance 
state. This feature 
allows 
shifters 
to be cascaded 
on the same output 
lines or 


to a common 
bus. The 
shift 
function 
can 
be logical, 
with 
zeros 
pulled 
in at either 
or both 
ends 
of the 
shifting 
field; 


arithmetic, 
where 
the 
sign 
bit 
is repeated 
during 
a shift 
down; or end around, 
where the data word forms 
a continu- 
ous loop. 


00 = 505110 + 8051'-1 
+ 80811-2 
+ 80811-3 
01 = 505111 + 808110 + 80811-1 
+ 8081'-2 
02 = 805112 + 808111 + 808110 + 80811-1 
03 = 508113 + 808112 + 508111 + 808110 


Inputs 
Outputs 


OE 
51 
50 
00 
01 
02 
03 


H 
X 
X 
Z 
Z 
Z 
Z 


L 
L 
L 
10 
11 
12 
13 
L 
L 
H 
1-1 
10 
11 
12 
L 
H 
L 
'-2 
'-1 
10 
11 
L 
H 
H 
'-3 
'-2 
1-1 
10 


H ~ 
HIGH Voltage Level 
L - 
LOW Voltage Level 
X = Immaterial 
Z ~ 
High Impedance 


TL/F/9519-4 


Please note that this diagram is provided only for the understanding 
of logic operations and should not be used to estimate propagation 
delays. 


S1 
So 
Shift Function 


L 
L 
No Shift 


L 
H 
Shift 1 Place 


H 
L 
Shift 2 Places 


H 
H 
Shift 3 Places 


I I I 
I 
I 
I 
L3 L2 L, 
10 


" 
'2 
'3 
L3 L2 L, 
10 


" 


12 
13 
L3 '-2 L, 
'0 
" 
'2 
'3 
L3 L2 L, 
10 


" 


12 
13 
-so 
-so 
-So 
-So 


-s, 
-s, 
-s, 
-s, 


-oOE 
Yo 
Y, 
Y2 
Y3 


-oOE 
Yo 
Y, 
Y2 
Y3 
<: OE 
Yo 
Y, 
Y2 
Y3 
<: OE 
Yo 
Y, 
Y2 
Y3 


• 


S2 
Sl 
So 
Shift Function 


L 
L 
L 
No Shift 


L 
L 
H 
Shift End Around 
1 


L 
H 
L 
Shift End Around 
2 


L 
H 
H 
Shift End Around 
3 


H 
L 
L 
Shift End Around 
4 


H 
L 
H 
Shift End Around 
5 


H 
H 
L 
Shift End Around 
6 


H 
H 
H 
Shift End Around 
7 


13-Blt Twos Complement 
Scaler 


8 
7 
6 
5 


1_3 1_2 1-1 


So 


SI 


OE 
Yo 
Y1 
Y2 
Y3 
Yo 
Y1 
Y2 
Y3 
Yo 
Y1 
Y2 
Y3 
- 
-= 
-= 
So 
SI 


12 
11 
10 
9 
8 
7 
5 
4 
3 
2 
S 
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Function 
Table 


Sl 
So 
Scale 


L 
L-i-8 
'Is 
L 
H-i-4 
Y. 


H 
L-i-2 
% 
H 
H No Change 
1 


Storage 
Temperature 
- 65'C to + 150'C 
I HI-::> I A II:: uutput 
-0.5Vto 
+5.5V 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Current 
Applied 
to Output 


Junction 
Temperature 
under Bias 
-55'C 
to + 175'C 
in LOW State (Max) 
twice the rated IOL (mA) 


VCC Pin Potential 
to 
Recommended 
Operating 
Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 
Conditions 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 
Free Air Ambient 
Temperature 


Note 
1: AbSOlute maximum 
ratings are values 
beyond 
which the device 
may 
Military 
- 55'C to + 125'C 


be damaged or have its useful life impaired. Functional operation under 
Commercial 
O'Cto 
+70'C 


these 
conditions 
is not implied. 
Supply 
Voltage 


Note 
2: Either voltage 
limit or current 
limit is sufficient 
to protect 
inputs. 
Military 
+ 4.5V to + 5.5V 
Commercial 
+ 4.5V to + 5.5V 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% VCC 
2.5 
10H = -1 
mA 


Voltage 
54F 10% VCC 
2.4 
10H = -3 
mA 


74F 10% VCC 
2.5 
V 
Min 
10H = -1 
mA 


74F 10% VCC 
2.4 
10H = -3 
mA 


74F 5% VCC 
2.7 
10H = -1 
mA 


74F 10% VCC 
2.7 
10H = -3 
mA 


VOL 
Output 
LOW 
54F 10% VCC 
0.5 
V 
Min 
IOL = 20mA 


Voltage 
74F 10% VCC 
0.5 
10L = 24 mA 


IIH 
Input HIGH 
54F 
20.0 
J-LA 
VIN = 2.7V 


Current 
74F 
5.0 
Max 


ISVI 
Input HIGH Current 
54F 
100 
J-LA 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 
Max 


ICEX 
Output 
HIGH 
54F 
250 
J-LA 
Your 
= VCC 
Leakage 
Current 
74F 
50 
Max 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9J-LA 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
J-LA 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-1.2 
mA 
Max 
VIN = 0.5V 


10ZH 
Output 
Leakage 
Current 
50 
J-LA 
Max 
Your 
= 2.7V 


10ZL 
Output 
Leakage 
Current 
-50 
J-LA 
Max 
Your 
= 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
Your 
= OV 


Izz 
Bus Drainage 
Test 
500 
J-LA 
O.OV 
Your 
= 5.25V 


ICCH 
Power Supply Current 
34 
42 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
40 
57 
mA 
Max 
Vo = LOW 


leel 
Power Supply Current 
40 
57 
mA 
Max 
Vo = HlGHZ 
• 


74F 
54F 
74F 


TA = +25"C 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc 
= +5.0V 
CL = 50pF 
CL = 50pF 
Units 
No. 
CL = 50pF 


Min 
Typ 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
3.0 
4.5 
6.0 
3.0 
7.0 
2-3 
tpHL 
In to On 
2.5 
4.0 
5.5 
2.5 
6.5 
ns 


tpLH 
Propagation 
Delay 
4.0 
7.6 
10.0 
4.0 
13.5 
2-3 
tpHL 
Sn to On 
3.0 
6.5 
6.5 
3.0 
9.5 
ns 


tpZH 
Output 
Enable Time 
2.5 
5.0 
7.0 
2.5 
6.0 


tpZL 
4.0 
7.0 
9.0 
4.0 
10.0 
ns 
2-5 
tpHZ 
Output 
Disable Time 
2.0 
3.9 
5.5 
2.0 
6.5 


tpLZ 
2.0 
4.0 
5.5 
2.0 
7.5 
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54F/74F352 
Dual 4-lnput Multiplexer 


Features 


• 
Inverted 
version 
of 'F 153 


• 
Separate 
enables 
for each multiplexer 


• 
Input clamp 
diode 
limits high speed 
termination 
effects 


General Description 


The 'F352 
is a very high-speed 
dual 4-input 
multiplexer 
with 
common 
Select 
inputs and individual 
Enable inputs for each 
section. 
It can select two bits of data from four sources. 
The 
two buffered 
outputs 
present 
data 
in the inverted 
(comple- 
mentary) 
form. The 'F352 
is the functional 
equivalent 
of the 


'F153 
except 
with inverted 
outputs. 


Pin Assignment 
for 
DIP, SOIC and Flatpak 
Pin Assignment 
forLCC 


E. 
1 


SI 
2 


13• 
3 


12• 
4 


11. 
5 


10• 
6 
Z. 
7 


GND 
8 


16 
Vet 


15 
Eb 


14 
So 


13 
13b 


12 
12b 


11 
l'b 


10 
lOb 


9 
Zb 


54F/74F 


Pin Names 
Description 
U.L. 
Input 
IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


IOa-13a 
Side A Data Inputs 
1.0/1.0 
20 /LA! - 0.6 mA 


'Ob-13b 
Side B Data Inputs 
1.0/1.0 
20 /LA/-0.6 
mA 


SO-S1 
Common 
Select 
Inputs 
1.0/1.0 
20 /LA! -0.6 
mA 
Ea 
Side A Enable Input (Active 
LOW) 
1.0/1.0 
20 /LA! -0.6 
mA 
Eb 
Side B Enable Input (Active LOW) 
1.0/1.0 
20 /LA/ -0.6 
mA 


Za,Zb 
Multiplexer 
Outputs 
(Inverted) 
50/33.3 
-1 
mA!20mA 


10• 11. NC 12.13• 
lID [lmJ lIJ III 
z.ooDrn 
s1 


GHD Ii]] 
mE. 


HC (j] 
rn HC 
Zb 1m 
11!! Vcc 


10b~ 
IIIDEb 


fj}J@J1!!l1!1J1!!J 


lIb 12b NC 13b So 


Functional Description 


The 'F352 
is a dual 4-input 
multiplexer. 
It selects 
two bits of 
data from 
up to four sources 
under the control 
of the com- 
mon Select 
inputs 
(So, S1). The two 4-input 
multiplexer 
cir- 
cuits have individual 
active LOW Enables 
(Ea, Eb) which can 
be used to strobe 
the outputs 
independently. 
When the En- 


ables (Ea, Eb) are HIGH, the corresponding 
outputs 
(Za, Ib) 
are forced 
HIGH. 


The logic equations 
for the outputs 
are shown 
below: 


Ia 
= Ea· 
(loa· 
81 • 80 + 11a· 81 • So + 


12a• S1 • So + 13a· S1 • So) 


Ib 
= Eb· 
(lOb· 81 • 80 + 11b· 81 • So + 


12b• S1 • So + 13b· S1 • So) 


The 'F352 
can be used to move data from a group of regis- 


ters 
to a common 
output 
bus. The particular 
register 
from 
which 
the data 
came 
would 
be determined 
by the state 
of 
the Select 
inputs. A less obvious 
application 
is as a function 
generator. 
The 
'F352 
can generate 
two 
functions 
of three 
variables. 
This 
is useful 
for 
implementing 
highly 
irregular 
random 
logic. 


Select 
Inputs (8 or b) 
Output 
Inputs 


So 
S1 
E 
10 
11 
12 
13 
Z 


X 
X 
H 
X 
X 
X 
X 
H 


L 
L 
L 
L 
X 
X 
X 
H 


L 
L 
L 
H 
X 
X 
X 
L 


H 
L 
L 
X 
L 
X 
X 
H 


H 
L 
L 
X 
H 
X 
X 
L 


L 
H 
L 
X 
X 
L 
X 
H 


L 
H 
L 
X 
X 
H 
X 
L 


H 
H 
L 
X 
X 
X 
L 
H 


H 
H 
L 
X 
X 
X 
H 
L 


H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = Immaterial 
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Please 
note that this diagram 
is provided 
only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70"C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-55·C 
to + 175·C 
Military 
+4.5Vto 
+5.5V 


VCC Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 


TRI-STATE~ 
Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
VCC 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% VCC 
0.5 
V 
Min 
10L = 20mA 


Voltage 
74F 10% VCC 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
I-'A 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
I-'A 
Max 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
I-'A 
VOUT = VCC 
Leakage 
Current 
74F 
50 
Max 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.91-'A 


Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
I-'A 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
9.3 
14 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
13.3 
20 
mA 
Max 
Vo = LOW 
• 


fA = +2S'C 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 


Symbol 
Parameter 
Vcc = +S.OV 
Units 


CL = SOpF 
CL = SOpF 
CL = SOpF 
No. 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
4.0 
8.0 
11.0 
3.5 
14.0 
3.5 
12.5 


tPHL 
SntoZn 
3.5 
6.5 
8.5 
3.0 
11.0 
3.0 
9.5 
ns 
2-3 


tPLH 
Propagation 
Delay 
3.0 
4.5 
6.0 
2.5 
8.0 
2.5 
7.0 


tPHL 
EntoZn 
3.0 
5.0 
7.0 
2.5 
9.0 
2.5 
8.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
2.0 
5.2 
7.0 
2.0 
9.0 
2.0 
8.0 


tpHL 
IntoZn 
1.3 
2.5 
4.0 
1.0 
5.0 
1.0 
4.5 
ns 
2-3 


~National 
~ 
semiconductor 


54F/74F353 
Dual4-lnput 
Multiplexer with TRI-STATE® Outputs 


General Description 


The 'F353 is a dual 4-input 
multiplexer 
with TAl-STATE 
out- 
puts. It can select 
two bits of data from four sources 
using 
common 
Select 
inputs. 
The 
outputs 
may 
be 
individually 
switched 
to a high 
impedance 
state 
with 
a HIGH 
on the 
respective 
Output 
Enable 
(oE) 
inputs, 
allowing 
the outputs 
to interface 
directly 
with bus-oriented 
systems. 


Features 


• 
Inverted 
version 
of 'F253 


• 
Multifunction 
capability 


• 
Separate 
enables 
for each 
multiplexer 


Ordering Code: 
See Section 
5 


Logic Symbols 


Pin Assignment 
for 
DIP, SOIC and Flatpak 
Pin Assignment 
forlCC 


or. 
1 


Sl 
2 


13• 
3 


12• 
4 


11. 
5 


lOa 
6 
I. 
7 


GND 
8 


16 
Vcc 


15 
orb 


14 
So 


13 
13b 


12 
12b 


11 
lIb 


10 
lOb 


9 
Zb 


lOa 1,• He 128 '3. 
[[][I][§]illm 
z.mOrnS 
1 
GND I@) 
m or. 


NC IDl 
[IJNC 
Zb[l) 
@Vcc 


lOb G]] 
ffIDorb 


1i][ID~1ilI1iID 


lIb 
12b NC 13b So 


54F174F 


Pin Names 
Description 
U.l. 
Input IIH/IIL 
HIGH/lOW 
Output 
IOH/IOL 


loa-13a 
Side A Data Inputs 
1.0/1.0 
20 )JoAl-0.6 
mA 


IOb-13b 
Side 8 Data Inputs 
1.0/1.0 
20 )JoAl-0.6 
mA 


SO,S1 
Common 
Select 
Inputs 
1.0/1.0 
20 )JoAI- 0.6 mA 
OEa 
Side A Output 
Enable 
Input (Active 
LOW) 
1.0/1.0 
20 )JoAl-0.6 
mA 
OEb 
Side 8 Output 
Enable 
Input (Active 
LOW) 
1.0/1.0 
20 )JoAl-0.6 
mA 


Za,Zb 
TAl-STATE 
Outputs 
(Inverted) 
150/40 
(33.3) 
-3 
mA/24 
mA (20 mAl 
• 


Functional Description 


The 
'F353 
contains 
two 
identical 
4-input 
multiplexers 
with 
TRI-STATE 
outputs. 
They select 
two bits from four sources 
selected 
by common 
Select inputs (So, Sl). The 4-input 
mul- 


tiplexers 
have 
individual 
Output 
Enable 
(OEa, OEb) inputs 
which, 
when 
HIGH, force 
the outputs 
to a high impedance 
(High 
Z) 
state. 
The 
logic 
equations 
for 
the 
outputs 
are 
shown 
below: 


Za = OEa-(I0a-S1-S0 
+ 11a-S1-S0 + 


12a-S1-S0 + 13a-S1-S0) 


Zb = OEb-(IOb-S1-S0 
+ 11b-S1-S0 + 


12b-S1-S0 + 13b-S1-S0) 


If the outputs 
of TRI-STATE 
devices 
are tied together, 
all 
but one device must be in the high impedance 
state to avoid 
high currents 
that would 
exceed 
the maximum 
ratings. 
De- 
signers 
should 
ensure 
that 
Output 
Enable 
signals 
to TRI- 


STATE 
devices 
whose 
outputs 
are 
tied 
together 
are 
de- 
signed 
so that there 
is no overlap. 


Select 
Data Inputs 
Output 
Output 
Inputs 
Enable 


So 
S1 
10 
11 
12 
13 
OE 
Z 


X 
X 
X 
X 
X 
X 
H 
Z 


L 
L 
L 
X 
X 
X 
L 
H 


L 
L 
H 
X 
X 
X 
L 
L 


H 
L 
X 
L 
X 
X 
L 
H 


H 
L 
X 
H 
X 
X 
L 
L 


L 
H 
X 
X 
L 
X 
L 
I 
H 


L 
H 
X 
X 
H 
X 
L 
L 


H 
H 
X 
X 
X 
L 
L 
H 


H 
H 
X 
X 
X 
H 
L 
L 


Address 
inputs So and 51 are common 
to both sections. 


H ~ 
HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = 
Immaterial 
Z = High Impedance 


TL/F/9520-4 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 


If Military/Aerospace 
specified 
devices 
are 
required, 
Voltage 
Applied 
to Output 


please 
contact 
the 
National 
Semiconductor 
Sales 
in HIGH State 
(with VCC = OV) 


Office/Distributors 
for availability 
and specifications. 
Standard 
Output 
-0.5VtoVee 


Storage 
Temperature 
- 65'C to + 150'C 
TRI-STATE 
Output 
-0.5Vto 
+5.5V 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Current 
Applied 
to Output 


Junction 
Temperature 
under Bias 
-55'Cto 
+ 175'C 
in LOW State (Max) 
twice the rated 10L (mA) 


Vee 
Pin Potential 
to 
Recommended 
Operating 
Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 
Conditions 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 
Free Air Ambient 
Temperature 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
Military 
- 55'C to + 125'C 


be damaged or have its useful life impaired. Functional operation under 
Commercial 
O'Cto 
+70'C 


these conditions 
is not implied. 
Supply 
Voltage 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 
Military 
+ 4.5V to + 5.5V 
Commercial 
+4.5Vto 
+5.5V 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 


Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VeD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vee 
2.5 
10H = -1 
mA 


Voltage 
54F 10% Vee 
2.4 
10H = -3 
mA 


74F 10% Vee 
2.5 
V 
Min 
10H = -1 
mA 


74F 10% Vee 
2.4 
10H = -3 
mA 


74F 5% Vee 
2.7 
10H = -1 
mA 


74F5% 
Vee 
2.7 
10H = -3 
mA 


VOL 
Output 
LOW 
54F 10% Vec 
0.5 
V 
Min 
IOL = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
IOL = 24mA 


IIH 
Input HIGH 
54F 
20.0 
VIN = 2.7V 


Current 
74F 
5.0 
IJ-A 
Max 


IBVI 
Input HIGH Current 
54F 
100 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 
IJ-A 
Max 


leEX 
Output 
HIGH 
54F 
250 
VOUT = Vee 


Leakage 
Current 
74F 
50 
IJ-A 
Max 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.91J-A 


Test 
All Other Pins Grounded 


10D 
Output 
Leakage 
74F 
3.75 
IJ-A 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10lH 
Output 
Leakage 
Current 
50 
IJ-A 
Max 
VOUT = 2.7V 


lOlL 
Output 
Leakage 
Current 
-50 
IJ-A 
Max 
VOUT = 0.5V 


10S 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


III 
Bus Drainage 
Test 
500 
IJ-A 
O.OV 
VOUT = 5.25V 


leeH 
Power Supply Current 
9.3 
14 
mA 
Max 
Vo = HIGH 


leeL 
Power Supply Current 
13.3 
20 
mA 
Max 
Vo = LOW 


leel 
Power Supply Current 
15.0 
23 
mA 
Max 
Vo = HIGHZ 
• 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S'C 
TA. Vcc = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Cl = SOpF 
Cl = SOpF 
Units 
No. 
Cl = SOpF 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
4.0 
8.0 
11.0 
3.5 
14.0 
3.5 
12.5 
2-3 
Sn toZn 
3.5 
6.5 
8.5 
3.0 
11.0 
3.0 
9.5 
ns 
tpHL 


tpLH 
Propagation 
Delay 
3.0 
5.2 
7.0 
3.0 
9.0 
3.0 
8.0 
2-3 
IntoZn 
1.3 
2.5 
4.0 
1.0 
5.0 
1.0 
4.5 
ns 
tpHL 


tpZH 
Output 
Enable Time 
2.5 
5.5 
8.0 
2.0 
10.5 
2.0 
9.0 


tpZL 
3.0 
6.0 
8.0 
2.5 
10.5 
2.5 
9.0 
2-5 
ns 
tpHZ 
Output 
Disable Time 
2.0 
3.7 
5.0 
2.0 
7.0 
2.0 
6.0 


tPLZ 
2.0 
4.4 
6.0 
2.0 
8.0 
2.0 
7.0 


~National 
~semlconduetor 


54F/74F365 
Hex Buffer/Driver 
with TRI-STATE® Outputs 


General Description 


The 
'F365 
is a hex buffer 
and 
line driver 
designed 
to be 
employed 
as a memory 
and address 
driver, clock driver and 
bus-oriented 
transmitter/receiver. 


Features 


• 
TRI-STATE 
buffer 
outputs 


• 
Outputs 
sink 64 mA 


• 
Bus-oriented 


Ordering Code: 
See Section 
5 


Logic Symbol 


Pin Assignment 
Pin Assignment 
for DIP, SOIC and Flatpak 
forLCC 


~OlNCll00 
OE1 
Vcc 
!IDIT!(!]lIDm 


10 
0E2 


00 
13 
02 rn 
[1]10 


11 
°3 
GNDIiQ1 
[IIOE1 
Ne (j] 
O]NC 
°1 
I, 
°slill 
~vcc 
12 
0, 
Is~ 
1i]I0E2 


O2 
15 


GND 
05 
lrn~[ID1!ll1iE 
0, " 
NC ~ 
~ 
TL/F/9522-1 
TL/F/9522-2 


10 
°0 


11 
°1 


12 
°2 


'3 
°3 


I, 
0, 


'5 
°5 


TUF/9522-4 


54F174F 


Pin Names 
Description 
U.L 
Input 
IIH/IIL 
HIGH/LOW 
Output 
IOH"OL 


0E1.0E2 
Output Enable 
Input 
1.0/0.033 
20 ".Al20".A 
(Active 
LOW) 


In 
Inputs 
~.0/0.033 
20 ".Al20".A 


On 
Outputs 
600/106.6 
(80) 
-12 
mAl64 
mA (48 mAl 


Inputs 
Output 


0E1 
0E2 
I 
0 


L 
L 
L 
L 
L 
L 
H 
H 
X 
H 
X 
Z 
H 
X 
X 
Z 


L ~ 
lOW 
Voltage level 


H ~ HIGH Voltage level 


X ~ Immaterial 


Z - 
High Impedance 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
-55·C 
to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+700C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-55·C 
to + 175·C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with VCC = OV) 
Standard 
Output 
-0.5Vto 
Vcc 
TRI-STATE 
Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.4 
10H = -3mA 


Voltage 
54F 10% Vcc 
2.0 
10H = -12 
mA 


74F 10% Vcc 
2.4 
V 
Min 
10H = -3mA 


74F 10% Vcc 
2.0 
10H = -15mA 


74F5% 
Vcc 
2.7 
10H = -3 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.55 
V 
Min 
IOL = 48mA 
Voltage 
74F 10% Vcc 
0.55 
10L = 64mA 
.. 


IIH 
Input HIGH Current 
20 
IJ-A 
Max 
VIN = 2.7V 


IBVI 
Input HIGH Current 
100 
IJ-A 
0.0 
VIN = 7.0V 
Breakdown 
Test 


IlL 
Input LOW Current 
-20 
IJ-A 
Max 
VIN = 0.5V 


10ZH 
Output 
Leakage 
Current 
50 
IJ-A 
Max 
VOUT = 2.7V 


10ZL 
Output 
Leakage 
Current 
-50 
IJ-A 
Max 
VOUT = 0.5V 


10S 
Output Short·Circuit 
Current 
-100 
-225 
mA 
Max 
VOUT = OV 


ICEX 
Output 
HIGH Leakage 
Current 
250 
IJ-A 
Max 
VOUT = Vcc 


Izz 
Bus Drainage 
Test 
500 
IJ-A 
O.OV 
VOUT = 5.25V 


ICCH 
Power Supply Current 
25 
35 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
44 
62 
mA 
Max 
Vo = LOW 


Iccz 
Power Supply Current 
35 
48 
mA 
Max 
Vo = HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S'C 
TA. VCC = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Units 


CL = SOpF 
CL = SOpF 
CL = 50 pF 
No. 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
2.5 
4.6 
6.5 
2.0 
7.0 
2.0 
7.0 
2-3 
tpHL 
In to On 
2.5 
4.9 
7.0 
2.0 
7.0 
2.0 
7.5 
ns 


tpZH 
Enable Time 
2.5 
5.1 
9.5 
2.0 
8.5 
2.5 
10.0 
2-5 
tpZL 
2.5 
5.7 
9.0 
2.0 
8.5 
2.5 
9.5 
ns 


tpHZ 
Disable Time 
2.0 
3.6 
6.5 
1.5 
6.5 
2.0 
7.0 
2-5 
tPLZ 
2.0 
4.4 
6.5 
1.5 
9.0 
2.0 
7.0 
ns 


• 


CD 
CDi ~National 


CO) 
~ 
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S4F/74F366eS4F/74F368 
Hex Inverter Buffer with TRI-STATE® Outputs 


Features 


• 
TRI-ST ATE buffer 
outputs 
sink 64 mA 


• 
High-speed 


• 
Bus-oriented 
• 
High impedance 
npn base inputs 
for reduced 
loading 


Pin Assignment 
forlCC 


'2 0, NC 11 00 
IIHZl 
[§] [II [1J 


02 rn 
rn10 


GHD liID 
[II BEl 
HC [j] 
OJHC 


°51!lJ 
@vcc 
151m 
liE BE2 


fi]J1!ID[§I1IZ11iID 
0. I. NC03 13 


TL/F/9521-1 


Pin Assignment 
forlCC 


12 0, NC 11 00 
[§][ZJ[§][II[1J 


02 rn 
rnlo 


GHD liID 
[IIBEl 
HC [j] 
OJ HC 


°51!lJ 
@vcc 


151m 
liE BE2 


fi]J1!ID[§I1IZ11iID 
0. I. NC03 13 


TL/F/9521-3 


Pin Assignment 
for DIP, SOIC and Flatpak 


Pin Assignment 
for DIP, SOIC and Flatpak 


IEEEIIEC 
'F368 


0[, 


0[2 


10 
00 


" 
a, 


'2 
O2 


Is 
AS 


I. 
o. 


Is 
AS 


TL/F/9521-6 


IEEEIIEC 
'F366 


54F/74F 


Pin Names 
Description 
U.L 
Input 
IIHIIIL 
HIGH/LOW 
Output 
IOHIIOL 


0E1.0E2 
Output 
Enable Input (Active 
LOW) 
1.0/0.033 
20 ",AI-20 
",A 


In 
Input 
1.0/0.033 
20 ",AI-20 
",A 


°n,on 
Outputs 
. 
600/106.6 (80) 
-12 mAl64 mA (48 mAl 


Inputs 
Output 


OE1 
OE2 
I 
0 


L 
L 
L 
H 


L 
L 
H 
L 


X 
H 
X 
Z 


H 
X 
X 
Z 


Inputs 
Output 


OE 
I 
0 


L 
L 
H 


L 
H 
L 


H 
X 
Z 


L ~ 
LOW Voltage Level 
H - 
HIGH Voltage Level 


X = Immaterial 
Z - 
High Impedance 


• 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+4.5Vto 
+5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+4.5Vto 
+5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30mAto 
+5.0mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5Vto 
Vcc 


TRI-STATE 
Output 
- 0.5V to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.0 
10H = -12mA 


Voltage 
74F 10% Vcc 
2.0 
V 
Min 
10H = -15mA 
I 


VOL 
Output 
LOW 
54F 10% Vcc 
0.55 
V 
Min 
10L = 48 mA 


Voltage 
74F 10% Vcc 
0.55 
10L = 64 mA 


IIH 
Input HIGH Current 
20 
p.A 
Max 
VIN = 2.7V 


IBVI 
Input HIGH Current 
100 
p.A 
Max 
VIN = 7.0V 


Breakdown 
Test 


IlL 
Input LOW Current 
- 
-20 
p.A 
Max 
VIN = 0.5V 


10ZH 
Output 
Leakage 
Current 
50 
p.A 
Max 
Your 
= 2.7V 


; 


10ZL 
Output 
Leakage 
Current 
-50 
p.A 
Max 
Your 
= 0.5V 


los 
Output Short-Circuit 
Current 
-100 
-225 
mA 
Max 
Your 
= OV 


ICEX 
Output 
HIGH Leakage 
Current 
250 
p.A 
Max 
Your 
= Vcc 


Izz 
Bus Drainage 
Test 
500 
p.A 
O.OV 
Your 
= 5.25V 


ICCH 
Power Supply Current 
20 
25 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
49 
62 
mA 
Max 
Vo = LOW 


Iccz 
Power Supply Current 
35 
48 
mA 
Max 
Vo = HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
CL = SO pF 


Mln 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
2.5 
4.0 
6.5 
2.0 
7.5 
2-3 
ns 
tpHL 
1.0 
1.8 
5.0 
1.0 
5.5 


tpZH 
Enable Time ('F366) 
2.5 
4.2 
9.5 
2.5 
10.0 
2-5 
tpZL 
2.5 
4.2 
9.0 
2.5 
9.5 
ns 


tpZH 
Enable Time ('F368) 
2.5 
4.2 
7.5 
2.0 
8.5 


tpZL 
3.0 
5.6 
8.5 
3.0 
9.0 
ns 
2-5 


tpHZ 
Disable Time 
2.0 
3.3 
6.5 
2.0 
7.0 


tpLZ 
2.0 
4.1 
6.5 
2.0 
7.0 
ns 
2-5 


Ell 


~National 
~ 
semiconductor 


54F/74F373 
Octal Transparent 
Latch with TRI-STATE® Outputs 


General Description 


The 'F373 consists 
of eight latches 
with TRI-STATE 
outputs 
for bus organized 
system 
applications. 
The flip-flops 
appear 
transparent 
to the 
data 
when 
Latch 
Enable 
(LE) is HIGH. 
When 
LE is LOW, 
the data 
that 
meets 
the setup 
times 
is 
latched. 
Data appears 
on the bus when 
the Output 
Enable 
(OE) is lOW. 
When OE is HIGH the bus output 
is in the high 
impedance 
state. 


Features 


• 
Eight latches 
in a single 
package 


• 
TRI-STATE 
outputs 
for bus interfacing 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


Ordering Code: 
See Section 
5 


Logic Symbols 
Connection 
Diagrams 


Pin Assignment 
Pin Assignment 


IEEE/IEC 
for DIP, sOle 
and Flatpak 
for 
lCC 


OE 
OE 
~ 
D:2 02 0, 
01 
1 
20 
Vce 
[IDm[ID[[]m 


LE 
°0 
2 
19 
°7 


DO 
°0 
DO 
3 
18 
Dr 
03 rn 
moo 


0, 
4 
17 
06 
GNO [QJ 
moo 
01 
0, 
LE [j] 
[]JOE 
0, 
5 
16 
°6 
O2 
°2 
°4@ 
@IVce 
03 
°3 
°2 
6 
15 
Os 
D41rn 
ij])°7 
O2 
7 
14 
Os 
04 
°4 


Os 
Os 
03 
8 
13 
04 
fi}J[§]lrnl!ZJlj]J 


°3 
9 
12 
°4 
Os Os 06 06 Dr 
06 
°6 


°7 
GNO 
10 
11 
LE 
TL/F/9523-3 
Dr 


TLiF/9523-4 
TL/F/9523-2 


54F174F 


Pin Names 
Description 
U.L. 
Input 
IIHIIIL 
HIGH/LOW 
Output 
IOH/IOL 
00-07 
Data Inputs 
1.0/1.0 
20 )JoAl-0.6 
mA 
lE 
Latch Enable 
Input (Active 
HIGH) 
1.0/1.0 
20 )JoAl-0.6 mA 
DE 
Output 
Enable 
Input (Active 
LOW) 
1.0/1.0 
20 )JoAl-O.6 mA 
00-07 
TRI-STATE 
Latch Outputs 
150/40 
(33.3) 
-3 
mA/24 
mA (20 mAl 


Functional Description 
The 'F373 contains eight Ootype latches with TAl-STATE 
output buffers. When the Latch Enable (LE) input is HIGH, 
data on the On inputs enters the latches. In this condition 
the latches are transparent, i.e., a latch output will change 
state each time its 0 input changes. When LE is LOW, the 
latches store the information that was present on the 0 in- 
puts a setup time preceding the HIGH-to-LOW transition of 
LE. The TAl-STATE buffers are controlled by the Output 
Enable (DE) input. When DE is LOW, the buffers are in the 
bi-state mode. When DE is HIGH the buffers are in the high 
impedance mode but this does not interfere with entering 
new data into the latches. 


Inputs 
Output 


LE 
OE 
On 
On 


H 
L 
H 
H 
H 
L 
L 
L 
L 
L 
X 
On (no change) 


X 
H 
X 
Z 


H ~ 
HIGH Voltage Level 
L ~ LOW Voltage Level 
X = Immaterial 
Z = High Impedance 
State 


TL/F/9523-5 


Please 
note that this diagram 
is provided 
only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays . 


• 


Absolute Maximum Ratings 
(Note 1) 


If Military/Aerospace specified devices are required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors for availability and specifications. 


Storage 
Temperature 
- 65·C to + 150·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 


Junction 
Temperature 
under Bias 
-55·C 
to + 175·C 


Vcc 
Pin Potential 
to 
Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
- 0.5V to + 7.0V 


Input Current(Note 
2) 
-30 
mA to + 5.0 mA 


Note 1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current 
limit is sufficient to protect 
inputs. 


Voltage 
Applied 
to Output 
in HIGH State 
(with VCC = OV) 
Standard 
Output 
TRI-STATE 
Output 


Current 
Applied 
to Output 
in lOW 
State (Max) 


ESD last 
Passing Voltage 
(Min) 


-0.5VtoVcC 


-0.5Vto 
+5.5V 


twice the rated 10L (mA) 


4000V 


Recommended 
Operating 
Conditions 


Free Air Ambient 
Temperature 
Military 
Commercial 
- 55·C to + 125·C 
O·Cto 
+70·C 


Supply 
Voltage 
Military 
Commercial 


+ 4.5V to + 5.5V 
+ 4.5V to + 5.5V 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input lOW 
Voltage 
0.8 
V 
Recognized 
as a lOW 
Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
54F 10% Vcc 
2.4 
10H = -3mA 


74F 10% Vcc 
2.5 
I 
V 
Min 
10H = -1 
mA 


74F 10% Vcc 
2.4 
10H = -3mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -3mA 


VOL 
Output 
lOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 24 mA 


IIH 
Input HIGH Current 
54F 
20.0 
/LA 
Max 
VIN = 2.7V 
74F 
5.0 


ISVI 
Input HIGH Current 
54F 
100 


Breakdown 
Test 
74F 
7.0 
/LA 
Max 
VIN = 7.0V 


ICEX 
Output 
HIGH 
54F 
250 


leakage 
Current 
74F 
50 
/LA 
Max 
Your 
= Vcc 


VID 
Input leakage 
74F 
4.75 
V 
0.0 
110= 1.9 /LA 
Test 
All Other Pins Grounded 


100 
Output 
leakage 
74F 
3.75 
/LA 
0.0 
VIOD = 150 mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input lOW 
Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10ZH 
Output 
leakage 
Current 
50 
/LA 
Max 
Your 
= 2.7V 


10ZL 
Output 
leakage 
Current 
-50 
/LA 
Max 
Your 
= 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
Your 
= OV 


Izz 
Bus Drainage 
Test 
500 
/LA 
O.OV 
Your 
= 5.25V 


Iccz 
Power Supply Current 
38 
55 
mA 
Max 
Vo = HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S"C 
TA. VCC = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
CL = SOpF 


Min 
Typ 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
3.0 
5.3 
7.0 
3.0 
8.5 
3.0 
8.0 
2-3 
ns 
tpHL 
DntoOn 
2.0 
3.7 
5.0 
2.0 
7.0 
2.0 
6.0 


tpLH 
Propagation 
Delay 
5.0 
9.0 
11.5 
5.0 
15.0 
5.0 
13.0 
2-3 
tpHL 
LE to On 
3.0 
5.2 
7.0 
3.0 
8.5 
3.0 
8.0 
ns 


tpZH 
Output 
Enable Time 
2.0 
5.0 
11.0 
2.0 
13.5 
2.0 
12.0 
2-5 
ns 
tpZL 
2.0 
5.6 
7.5 
2.0 
10.0 
2.0 
8.5 


tpHZ 
Output 
Disable Time 
1.5 
4.5 
6.5 
1.5 
10.0 
1.5 
7.5 
2-5 
ns 
tpLZ 
1.5 
3.8 
5.0 
1.5 
7.0 
1.5 
6.0 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S"C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Mln 
Max 
Mln 
Max 
Mln 
Max 


t5(H) 
Setup Time, HIGH or LOW 
2.0 
2.0 
2.0 
t5(L) 
On to LE 
2.0 
2.0 
2.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
3.0 
3.0 
3.0 
th(L) 
Onto 
LE 
3.0 
4.0 
3.0 


tw(H) 
LE Pulse Width, 
HIGH 
6.0 
6.0 
6.0 
ns 
2-4 


• 


~National 
~ 
semiconductor 


54F/74F374 
Octal D-Type Flip-Flop with TRI-STATE® Outputs 


General Description 


The 'F374 
is a high-speed, 
low-power 
octal 
D-type 
flip-flop 
featuring 
separate 
D-type 
inputs 
for 
each 
flip-flop 
and 
TRI-STATE 
outputs 
for 
bus-oriented 
applications. 
A buff- 
ered Clock 
(CP) and Output 
Enable 
(DE) are common 
to all 
flip-flops. 


Features 


• 
Edge-triggered 
D-type 
inputs 


• 
Buffered 
positive 
edge-triggered 
clock 


• 
TRI-STATE 
outputs 
for bus-oriented 
applications 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


Ordering Code: 
See Section 
5 


Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 


Or 
1 
20 
Vcc 


°0 
2 
19 
°7 


DO 
3 
18 
~ 
01 
4 
17 
Os 


°1 
5 
IS 
Os 
TUF/9524-1 
°2 
6 
15 
Os 


O2 
7 
14 
05 
IEEEIIEC 
03 
8 
13 
04 


°3 
9 
12 
°4 
Or 
GNO 
10 
11 
CP 


CP 


TL/F/9524-2 


DO 
°0 
01 
°1 


O2 
°2 


°3 
°3 


°4 
°4 


Os 
°5 


Os 
Os 
~ 
°7 


TLIF/9524-4 


Pin Assignment 
for LCC 


~DzOz°l01 
mlIlmlIll!J~~~D~~ 
04 1m 
I1!lI Vcc 
04 ~ 
@lOr 


~~fi§]Ii]@J 
DsOsOsDs~ 


Pin 
54F/74F 


Names 
Description 
U.L. 
Input 
IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


Do-D7 
Data Inputs 
1.0/1.0 
20 p,AI-0.6 
mA 
CP 
Clock Pulse Input (Active 
Rising Edge) 
1.0/1.0 
20 p,AI- 0.6 mA 
OE 
TRI-STATE 
Output 
Enable 
Input (Active 
LOW) 
1.0/1.0 
20 p,AI- 0.6 mA 
00-07 
TRI-STATE 
Outputs 
150/40 
(33.3) 
-3 
mAl24 
mA (20 mAl 


Functional Description 


The 'F374 
consists 
of eight edge-triggered 
flip-flops 
with in- 
dividual 
Ootype 
inputs 
and 
TRI-STATE 
true 
outputs. 
The 
buffered 
clock 
and buffered 
Output 
Enable 
are common 
to 
all flip-flops. 
The eight flip-flops 
will store 
the state 
of their 
individual 
0 inputs 
that 
meet 
the 
setup 
and 
hold time 
re- 
quirements 
on the LOW-to-HIGH 
Clock (CP) transition. 
With 
the Output 
Enable 
(OE) LOW, the contents 
of the eight flip- 
flops are available 
at the outputs. 
When the OE is HIGH, the 
outputs 
go to the 
high impedance 
state. 
Operation 
of the 
OE input does 
not affected 
the state of the flip-flops. 


Inputs 
Internal 
Output 


On 
CP 
OE 
Register 
On 


H 
-./ 
L 
H 
H· 


L 
-./ 
L 
L 
L 
, 


X 
X 
H 
X 
Z 


H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = Immaterial 
Z ~ 
High Impedance 


-/ 
~ 
LOW-to-HIGH 
Clock Transition 


TlIF/9524-5 


Please 
note that this diagram 
is provided 
only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
- 55·C to + 175·C 
Military 
+ 4.5V to + 5.5V 


Vee 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vee = OV) 
Standard 
Output 
-0.5VtoVee 
TRI-STATE 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


Veo 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vce 
2.5 
10H = -1 
mA 


Voltage 
54F 10% Vee 
2.4 
10H = -3mA 


74F 10% Vee 
2.5 
V 
Min 
10H = -1 
mA 


74F 10% Vee 
2.4 
10H = -3mA 


74F 5% Vee 
2.7 
10H = -1 
mA 


74F 5% Vee 
2.7 
10H = -3mA 


VOL 
Output 
LOW 
54F 10% Vee 
0.5 
V 
Min 
10L = 20 mA 
Voltage 
74F 10% Vee 
0.5 
10L = 24 mA 


IIH 
Input HIGH 
54F 
20.0 
p.A 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
p.A 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


leEX 
Output 
HIGH 
54F 
250 
p.A 
Max 
VOUT = Vee 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9 p.A 


Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
p.A 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


IOZH 
Output 
Leakage 
Current 
50 
p.A 
Max 
VOUT = 2.7V 


10ZL 
Output 
Leakage 
Current 
-50 
p.A 
Max 
VOUT = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


Izz 
Bus Drainage 
Test 
500 
p.A 
O.OV 
VOUT = 5.25V 


leez 
Power Supply Current 
55 
86 
mA 
Max 
Vo = HIGHZ 


AC Electrical Characteristics: 
See Section 2 for Waveforms 
and Load Configurations 


74F 
54F 
74F 


TA = +25'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
CL = 50pF 
CL = 50pF 
Units 
No. 
CL = 50pF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


fmax 
Maximum 
Clock Frequency 
100 
140 
60 
70 
MHz 
2-1 


tpLH 
Propagation 
Delay 
4.0 
6.5 
8.5 
4.0 
10.5 
4.0 
10.0 
2-3 
tpHL 
CPtoOn 
4.0 
6.5 
8.5 
4.0 
11.0 
4.0 
10.0 
ns 


tpZH 
Output 
Enable Time 
2.0 
9.0 
11.5 
2.0 
14.0 
2.0 
12.5 


tpZL 
2.0 
5.8 
7.5 
2.0 
10.0 
2.0 
8.5 
2-5 
ns 
tpHZ 
Output 
Disable Time 
2.0 
5.3 
7.0 
2.0 
8.0 
2.0 
8.0 


tpLZ 
1.5 
4.3 
5.5 
1.5 
7.5 
1.5 
6.5 


AC Operating 
Requirements: 
See Section 2 for Waveforms 


74F 
54F 
74F 


Symbol 
Parameter 
TA = +25'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +5.0V 
No. 


M!n 
Max 
Min 
Max 
Min 
Max 


ts(H) 
Setup Time, HIGH or LOW 
2.0 
2.5 
2.0 


ts(Ll 
DntoCP 
2.0 
2.0 
2.0 
2-6 
ns 
th(H) 
Hold Time. HIGH or LOW 
2.0 
2.0 
2.0 
th(L) 
Dn to CP 
2.0 
2.5 
2.0 


tw(H) 
CP Pulse Width 
7.0 
7.0 
7.0 
tw(L) 
HIGH or LOW 
6.0 
6.0 
6.0 
ns 
2-4 


, 
• 


~National 
~ 
semiconductor 


54F/74F377 
Octal 0 Flip-Flop with Clock Enable 


General Description 


The 
'F377 
has eight 
edge·triggered, 
Ootype flip-flops 
with 
individual 
0 
inputs 
and Q outputs. 
The 
common 
buffered 
Clock (CP) input loads all flip-flops 
simultaneously, 
when the 
Clock 
Enable 
(CE) is LOW. 


The register 
is fully edge·triggered. 
The state of each 0 in· 


put, 
one 
setup 
time 
before 
the 
LOW·to-HIGH 
clock 
tran- 
sition, 
is transferred 
to the corresponding 
f1ip·f1op's Q out· 
put. The CE input must be stable 
only one setup time prior 
to the LOW-to-HIGH 
clock 
transition 
for predictable 
opera- 
tion. 


Features 


• 
Ideal for addressable 
register 
applications 


• 
Clock 
enable 
for address 
and data syncl;lronization 
applications 


• 
Eight edge-triggered 
0 flip-flops 


• 
Buffered 
common 
clock 


• 
See 'F273 
for master 
reset version 


• 
See 'F373 
for transparent 
latch version 


• 
See 'F374 
for TRI-STATEII> 
version 


• 
Guaranteed 
4000V 
minimum 
ESO protection 


CP 


CE 


TL/F/9525-1 


IEEE/IEC 


CE 


CP 


Do 
°0 


0, 
0, 


O2 
°2 
03 
°3 


0, 
0, 


05 
°5 
06 
°6 
~ 
°7 


TL/F/9525-4 


Pin Assignment 
for 
DIP, SOIC and Flatpak 
Pin Assignment 
forlCC 


~ 
llz Oz 01 01 
[ID [II[!Jrn[II 


03 III 


GNO (jQJ 
CP(j] 


0,1i1l 
0, 1m 


moo 
III00 
mCE 
~vcc 
1i]J~ 


jgJffIDfrnlillliID 
1ls0s°6l\~ 


54F174F 


PlnNames 
Description 
U.L 
Input IIH/IIL 


HIGH/LOW 
Output 
IOH/IOL 


00-07 
Data Inputs 
1.0/1.0 
20 ,..AI-0.6 
mA 
a: 
Clock Enable (Active LOW) 
1.0/1.0 
20 ,..AI-0.6 
mA 
CP 
Clock Pulse Input 
1.0/1.0 
20 ,..AI-0.6 
mA 
00-07 
Data Outputs 
50/33.3 
-1 mAl20 mA 


Operating 
Mode 
Inputs 
Output 


CP 
CE 
On 
On 


Load "1" 
.../ 
I 
h 
H 


Load "0" 
.../ 
I 
I 
L 


Hold 
.../ 
h 
X 
No Change 
(Do Nothing) 
X 
H 
X 
No Change 


H = HIGH Voltage Level 
h = HIGH Voltage Level one setup time prior to 
the LOW-ta-HIGH 
Clock Transition 
L - 
LOW Voltage Level 
I ~ 
LOW Voltage 
Level one setup time prior to 
the LOW-to-HIGH 
Clock Transition 


X = 
Immaterial 


-/ 
~ 
LOW-ta-HIGH 
Clock Trensition 


0, 


TLiF /9525-5 


Please 
note that this diagram 
is provided 
only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays . 


• 


Office/Distributors 
for 
availability 
and specifications. 
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Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+700C 


Ambient 
Temperature 
under Bias 
-55·C 
to + 125·C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55·C to + 175·C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 


TRI-STATE 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated IOL (mA) 
ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute maximum ratings are values beyond which the device may 


be damaged 
or have its useful 
life impaired. 
Functional 
operation 
under 
these conditions 
is not implied. 


Note 2: Either voltage limit or current limit is sufficient 
to protect inputs. 


DC Electrical 
Characteristics 
. 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20mA 


IIH 
Input HIGH Current 
5.0 
",A 
Max 
VIN = 2.7V 


IBVI 
Input HIGH Current 
7.0 
",A 
Max 
VIN = 7.0V 
Breakdown 
Test 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICEX 
Output 
HIGH Leakage 
Current 
50 
",A 
Max 
VOUT = Vcc 


VID 
Input Leakage 
Test 
4.75 
V 
0.0 
liD = 1.9 ",A 
All Other Pins Grounded 


10D 
Output 
Leakage 
Circuit Current 
3.75 
",A 
0.0 
VIOD = 150 mV 
All Other Pins Grounded 


ICCH 
Power Supply Current 
35 
46 
mA 
Max 
CP = .../ 


ICCL 
44 
56 
Dn = MR = HIGH 


TA = +2S"C 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Cl = SOpF 
Cl = SOpF 
Units 
No. 
Cl = SOpF 


Mln 
Typ 
Max 
Min 
Max 
Min 
Max 


fMax 
Maximum 
Clock Frequency 
130 
85 
105 
MHz 
2-1 


tplH 
Propagation 
Delay 
3.0 
7.0 
2.0 
8.5 
2.5 
7.5 
2-4 
tpHl 
CP to Qn 
4.0 
9.0 
3.0 
10.5 
3.5 
9.0 
ns 


AC Operating 
Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S"C 
TA. Vcc = Mil 
TA. VCC = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Mln 
Max 
Mln 
Max 
Mln 
Max 


ts(H) 
Setup Time, HIGH or lOW 
3.0 
3.5 
3.0 


ts(l) 
On toCP 
3.5 
4.0 
3.5 
ns 
2-6 


th(H) 
Hold Time, HIGH or lOW 
0.5 
1.0 
0.5 


th(l) 
DntoCP 
1.0 
1.0 
1.0 
ns 
2-6 


ts(H) 
Setup Time, HIGH or lOW 
4.1 
4.0 
4.1 


ts(l) 
CE to CP 
3.5 
5.0 
4.0 
ns 
2-6 


th(H) 
Hold Time, HIGH to lOW 
0.5 
1.5 
0.5 


th(l) 
CEtoCP 
2.0 
2.5 
2.0 
ns 
2-6 


tw(H) 
Clock Pulse Width, 
6.0 
5.0 
6.0 


tw(l) 
HIGH or lOW 
6.0 
5.0 
6.0 
ns 
2-4 


• 


~Nat1onal 
~ 
semiconductor 


54F/74F378 
Parallel D Register with Enable 


General Description 


The 
'F378 
is a 6-bit 
register 
with a buffered 
common 
En- 
able. This device 
is similar 
to the 'F174, 
but with common 
Enable 
rather 
than common 
Master 
Reset. 


Features 


• 
6-bit high-speed 
parallel 
register 


• 
Positive 
edge-triggered 
Ootype inputs 


• 
Fully buffered 
common 
clock 
and enable 
inputs 


• 
Input clamp 
diodes 
limit high-speed 
termination 
effects 


• 
Full TTL and CMOS 
compatible 


Ordering Code: 
See Section 
5 


Logic Symbols 


Pin Assignment for 
DIP, SOIC and Flatpak 


E 
1 
Vcc 
CP 
00 
2 
Os 


DO 
3 
Os 


0, 
• 
D. 


TL/F/9526-1 
0, 
5 
0. 


O2 
6 
03 
IEEEIIEC 
02 
7 
°3 


GNo 
8 
CP 


E 
TL/F/9526-2 
CP 


DO 
°0 
0, 
0, 


O2 
°2 
03 
°3 


D. 
0. 


Os 
Os 


TLiF/9526-4 


Pin Assignment 
forlCC 


~O,Heo,1lo 


[§][IJ[[J[IJ(IJ 


02 rn 
GNO[Q] 


NC [j] 


CP 1m 
03 ij]) 


moo 
mE 
[j]NC 
~vcc 
[j]J°s 


1i3![ID1!E1J]1!E 
D;, 0. He D. Os 


54F174F 
Pin Names 
Description 
U.l. 
Input IIH/IIL 
HIGH/lOW 
Output IOH"OL 


E 
Enable Input (Active 
LOW) 
1.0/1.0 
20 p.AI- 0.6 mA 
Do-Os 
Data Inputs 
1.0/1.0 
20 p.AI-0.6 
mA 
CP 
Clock Pulse Input (Active 
Rising Edge) 
1.0/1.0 
20 p.AI-0.6 
mA 
00-05 
Outputs 
50/33.3 
-1 
mAl20 
mA 


Functional Description 


The 
'F378 
consists 
of six edge-triggered 
D-type 
flip-flops 
with individual 
D inputs 
and Q inputs. 
The Clock 
(CP) and 
Enable 
(E) inputs 
are common 
to all flip-flops. 


When 
the E input 
is LOW, 
new 
data 
is entered 
into 
the 


register 
on 
the 
LOW-to-HIGH 
transition 
of the 
CP input. 


When the E input is HIGH the register 
will retain the present 
data independent 
of the CP input. 


Inputs 
Output 


E 
CP 
On 
Qn 


H 
.../ 
X 
No Change 


L 
.../ 
H 
H 


L 
.../ 
L 
L 


H = HIGH Voltage Level 
L ~ 
LOW Voltage Level 
X = Immaterial 
~ 
= LOW-la-HIGH 
Clock Transition 


Logic Diagram 


do 
0, 
O2 
03 
04 
05 


CP 


CP 
0 
CP 
0 
CP 
0 
CP 
0 
CP 
0 
CP 
0 


E 
E 
E 
E 
E 
E 


0 
0 
0 
0 
0 
0 


E 


00 
0, 
O2 
03 
04 
05 


TUF/9526-5 


• 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
-55°C 
to + 125°C 
Storage 
Temperature 
- 65°C to + 150°C 
Commercial 
O°Cto 
+700C 


Ambient 
Temperature 
under Bias 
- 55°C to + 125°C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
-55°C 
to + 175°C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30mAto 
+5.0mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 
TRI-STATE<8>Output 
- 0.5V to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10l (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these conditions 
is not implied. 


Note 
2: Either IIoltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 
. 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


Vil 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 
10% Vcc 
2.5 
'OH = -1 
mA 
Voltage 
74F 
10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 
5% Vec 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 
10% Vcc 
0.5 
V 
Min 
10l = 20 mA 
Voltage 
74F 
10% Vee 
0.5 
10l = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
I-'A 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
I-'A 
Max 
V,N = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
I-'A 
Max 
Your 
= Vee 


Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.91-'A 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
I-'A 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


III 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
Your 
= OV 


Icel 
Power Supply Current 
30 
45 
mA 
Max 
Vo = LOW 


'A = T;t:>-\; 
lA. 
VCC = Mil 
lA. 
VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
Units 


CL = 50pF 
CL = 50pF 
CL = 50pF 
No. 


Min 
lyp 
Max 
Min 
Max 
Min 
Max 


fmax 
Maximum 
Input Frequency 
80 
100 
70 
80 
MHz 
2-1 


tpLH 
Propagation 
Delay 
3.0 
5.5 
7.5 
3.0 
10.0 
3.0 
8.5 


tpHL 
CPtoQn 
3.5 
6.0 
8.5 
3.5 
10.5 
3.5 
9.5 
ns 
2-3 


AC Operating 
Requirements: 
See Section 
2 for Waveforms 


74F 
54F 
74F 


Symbol 
Parameter 
lA = +25°C 
lA. 
Vcc 
= Mil 
lA, 
Vcc 
= Com 
Units 
Fig. 


Vcc = +5.0V 
No. 


Mln 
Max 
Mln 
Max 
Mln 
Max 


ts(H) 
Setup Time, HIGH or lOW 
4.0 
5.0 
4.0 


tsll) 
DntoCP 
4.0 
5.0 
4.0 
2-6 
ns 


thlH) 
Hold Time, HIGH or lOW 
0 
2.0 
0 


thll) 
Dn to CP 
0 
2.0 
0 


tslH) 
Setup Time, HIGH or lOW 
6.0 
4.5 
6.0 


tsll) 
EtoCP 
10.0 
13.0 
10.0 
ns 
2-6 
thlH) 
Hold Time, HIGH or lOW 
0 
0 
0 


th(l) 
EtoCP 
0 
0 
0 
- 


twlH) 
CP Pulse Width 
4.0 
5.0 
4.0 


twll) 
HIGH or lOW 
6.0 
7.5 
6.0 
ns 
2-4 


• 


~National 
~ 
semiconductor 


54F/74F379 
Quad Parallel Register with Enable 


General Description 


The 'F379 
is a 4-bit register 
with buffered 
common 
Enable. 


This device 
is similar to the 'F175 
but features 
the common 
Enable 
rather than common 
Master 
Reset. 


Features 


• 
Edge triggered 
Ootype inputs 


• 
Buffered 
positive 
edge-triggered 
clock 


• 
Buffered 
common 
enable 
input 


• 
True and complement 
outputs 


• 
Guaranteed 
4000V 
minimum 
ESO protection 


E 


CP 


Do 
°0 
°0 


01 
0, 
0, 


°2 
°2 
°2 


°3 
°3 
°3 


TL/F/9527-5 


Pin Assignment 
DIP, SOIC and Flatpak 


54F/74F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH"OL 


E 
Enable Input (Active 
LOW) 
1.0/1.0 
20 1-'A/-0.6 
mA 
00-03 
Data Inputs 
1.0/1.0 
20 I-'A/-0.6 
mA 
CP 
Clock Pulse Input (Active 
Rising Edge) 
1.0/1.0 
20 1-'A/-0.6 
mA 
00-03 
Flip-Flop 
Outputs 
50/33.3 
-1 
mA/20mA 
00-03 
Complement 
Outputs 
50/33.3 
-1 
mA120mA 


Pin Assignment 
for LCC 


01 01 NC Do 00 
00 [l][I] [[](!J 


°lm 
GNO [QJ 


NC (j] 


CP IJ1l 
02~ 


1!3l§1!§)1IZI1!ID 


02~NC~03 


moo 
mE 
illNC 
GGVcc 


1!ID°3 


Functional Description 


The 'F379 
consists 
of four edge-triggered 
D·Type 
flip-flops 
with 
individual 
D inputs 
and a and a outputs. 
The 
Clock 
(CP) and 
Enable 
(E) inputs 
are common 
to 
all flip-flops. 


When the E is input HIGH, the register will retain the present 
data independent 
of the CP input. The Dn and E inputs can 
change 
when 
the clock 
is in either 
state, 
provided 
that the 
recommended 
setup and hold times 
are observed. 


Inputs 
Outputs 


E 
CP 
On 
Qn 
Qn 


H 
.../ 
X 
NC 
NC 


L 
.../ 
H 
H 
L 


L 
.../ 
L 
L 
H 


H ~ 
HIGH Voltaga Laval 
L - 
LOW Vollaga 
Level 


X = Immaterial 
-r ~LOW-la-HIGH 
Transilion 


NC ~ 
No Change 


Logic Diagram 


00 
01 
O2 
03 


CP 


CP 
° 


CP 


Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 


TLiF/9527 -4 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays . 


• 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-55'Cto 
+ 175'C 
Military 
+ 4.5V to + 5.5V 


Vee Pin Potential 
to 
Commercial 
+4.5Vto 
+5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30mAto 
+5.0mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vee = OV) 
Standard 
Output 
-0.5VtoVee 
TRI-STATE<P>Output 
-O.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing Voltge 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current 
limit is sufficient to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VeD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 
10% Vee 
2.5 
10H = -1 
mA 


Voltage 
74F 
10% Vee 
2.5 
V 
Min 
10H = -1 
mA 


74F 
5% Vee 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 
10% Vee 
0.5 
10L = 20mA 


Voltage 
74F 
10% Vee 
0.5 
V 
Min 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
VIN = 2.7V 
Current 
74F 
5.0 
!LA 
Max 


IBVI 
Input HIGH Current 
54F 
100 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 
!LA 
Max 


leEX 
Output 
HIGH 
54F 
250 
VOUT = Vcc 
Leakage 
Current 
74F 
50 
!LA 
Max 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.9 !LA 
Test 
All Other Pins Grounded 


10D 
Output 
Leakage 
74F 
3.75 
!LA 
0.0 
VIOD = 150 mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = O.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


leeL 
Power Supply Current 
28 
40 
mA 
Max 
Vo = LOW 


AC Electrical Characteristics: 
See Section 2 for Waveforms and load Configurations 
~. 


74F 
S4F 
74F 


TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
CL = SOpF 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


fmax 
Maximum Clock Frequency 
100 
140 
75 
100 
MHz 
2-1 


tpLH 
Propagation Delay 
3.5 
5.0 
6.5 
3.0 
8.5 
4.0 
7.5 
2-3 
tpHL 
CPtoQn, On 
5.0 
6.5 
8.5 
4.0 
10.0 
5.0 
9.5 
ns 


AC Operating Requirements: 
See Section 2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 
Vcc = +S.OV 
No. 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tslH) 
Setup Time, HIGH or lOW 
3.0 
4.0 
3.0 
tsll) 
OntoCP 
3.0 
4.0 
3.0 
2-6 
ns 
thlH) 
Hold Time, HIGH or lOW 
1.0 
2.0 
1.0 
thll) 
DntoCP 
1.0 
2.0 
1.0 


tslH) 
Setup Time, HIGH or lOW 
6.0 
8.0 
6.0 
tsll) 
EtoCP 
6.0 
8.0 
, 
6.0 
2-6 
ns 
thlH) 
Hold Time, HIGH or lOW 
0 
0 
0 
thll) 
EtoCP 
0 
0 
0 


twlH) 
CP Pulse Width 
4.0 
5.0 
4.0 


twll) 
HIGH or lOW 
5.0 
7.0 
5.0 
ns 
2-4 


~National 
~ 
semiconductor 


54F/74F381 
4-Bit Arithmetic Logic Unit 


General Description 


The 'F381 
performs 
three 
arithmetic 
and three 
logic opera- 


tions 
on two 
4-bit 
words, 
A and 
B. Two 
additional 
select 
input codes 
force 
the function 
outputs 
LOW or HIGH. Carry 
propagate 
and generate 
outputs 
are provided 
for use with 
the 'F 182 carry lookahead 
generator 
for high-speed 
expan- 


sion to longer 
word 
lengths. 
For ripple 
expansion, 
refer to 
the 'F382 
ALU data sheet. 


Features 


• 
Low input loading 
minimizes 
drive requirements 


• 
Performs 
six arithmetic 
and logic functions 


• 
Selectable 
LOW (clear) 
and HIGH 
(preset) 
functions 


• 
Carry generate 
and propagate 
outputs 
for use with 
carry lookahead 
generator 


Pin Assignment 
for 
DIP, SOIC and Flatpak 


Al 
Vcc 


B1 
A2 


"0 
B2 


Bo 
A3 
Tl/F/9528-3 
So 
B3 


5, 
Cn 
IEEEIIEC 
52 
P 


So 
Fo 
G 


5, 
F1 
F3 


52 
P 
GND 
F2 
G 


Cn 
Tl/F/9528-1 


"0 
FO 
BO 


A, 
F1 
8, 


A2 
F2 
82 


A3 
(8) 
F3 
83 


Tl/F/9528-6 


Pin Assignment 
forLCC 


Fo Sz 51 So Be 
[lUll I]] ill m 
••••• 


F, rn 


GND [Q) 


F21TI1 


F31J1J 
GIl] 


rn"o 
mB, 


OJ A, 


IiQIVcc 
[ID A2 


1i]J~[§J1i1I1rn 


PCn~A3Bz 


54F/74F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 


HIGH/LOW 
Output 
IOH/IOL 


Ao-A3 
A Operand 
Inputs 
1.013.0 
20 iJ-A/-l.8 
mA 


Bo-B3 
B Operand 
Inputs 
1.0/3.0 
20 iJ-A/-l.8 
mA 


SO-52 
Function 
Select 
Inputs 
1.0/1.0 
20 iJ-A/-0.6 
mA 


Cn 
Carry Input 
1.0/4.0 
20 iJ-A/- 
2.4 mA 
G 
Carry Generate 
Output 
(Active 
LOW) 
50/33.3 
-1 
mA120mA 
P 
Carry Propagate 
Output 
(Active 
LOW) 
50/33.3 
-1 
mA/20mA 


Fo-F3 
Function 
Outputs 
50/33.3 
-1 
mA/20mA 


Functional Description 


Signals 
applied 
to the Select 
inputs 
SO-52 
determine 
the 
mode 
of operation, 
as indicated 
in the Function 
Select 
Ta- 
ble. An extensive 
listing of input and output 
levels 
is shown 
in the Truth Table. 
The circuit 
performs 
the arithmetic 
func- 
tions 
for either 
active 
HIGH 
or active 
LOW operands, 
with 
output 
levels 
in the same convention. 
In the Subtract 
oper- 
ating modes, 
it is necessary 
to force a carry (HIGH for active 


Select 
Operation 
50 
51 
52 


L 
L 
L 
Clear 


H 
L 
L 
B Minus A 


L 
H 
L 
A Minus B 
H 
H 
L 
A PlusB 


- 


L 
L 
H 
AeB 


H 
L 
H 
A+B 


L 
H 
H 
AB 
H 
H 
H 
Preset 


HIGH operands, 
LOW for active 
LOW operands) 
into the Cn 
input of the least significant 
package. 


The 
Carry 
Generate 
(G) and Carry 
Propagate 
(P) outputs 
supply 
input signals 
to the 'F182 
carry lookahead 
generator 
for expansion 
to longer 
word 
length, 
as shown 
in Figure 
1. 


Note 
that 
an 
'F382 
ALU 
is used 
for the 
most 
significant 
package. 
Typical 
delays for Figure 
1 are given 
in Figure 2. 


Path Segment 
Toward 
Output 
F 
Cn + 4,OVR 


Ai or Bj to P 
7.2ns 
7.2 ns 
Pi to Cn + j ('F182) 
6.2 ns 
6.2 ns 


CntoF 
8.1 ns 
- 


Cn or Cn + 4, OVR 
- 
8.0 ns 


Total Delay 
21.5 ns 
21.4 ns 


• 


.•.. 
~ 
Logic Diagram 


c;, 
•• 


D-r, 


A, 


'F3a1 


ONLY 


} ~~2 
ONLY 


5, 
en •• 
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Please 
note that this diagram 
is provided 
only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Truth Table 


Inputs 
Outputs 


Function 
50 
51 
52 
en 
An 
Bn 
FO 
F1 
F2 
F3 
G 
P 


CLEAR 
L 
L 
L 
X 
X 
X 
L 
L 
L 
L 
L 
L 


L 
L 
L 
H 
H 
H 
H 
H 
L 


L 
L 
H 
L 
H 
H 
H 
L 
L 


L 
H 
L 
L 
L 
L 
L 
H 
H 


L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
L 
B Minus A 
H 
H 
L 
L 
L 
L 
L 
L 
H 
L 


H 
L 
H 
H 
H 
H 
H 
L 
L 


H 
H 
L 
H 
L 
L 
L 
H 
H 


H 
H 
H 
L 
L 
L 
L 
H 
L 


L 
L 
L 
H 
H 
H 
H 
H 
L 


L 
L 
H 
L 
L 
L 
L 
H 
H 


L 
H 
L 
L 
H 
H 
H 
L 
L 


A Minus B 
L 
H 
L 
L 
H 
H 
H 
H 
H 
H 
H 
L 


H 
L 
L 
L 
L 
L 
L 
H 
L 


H 
L 
H 
H 
L 
L 
L 
H 
H 


H 
H 
L 
H 
H 
H 
H 
L 
L 


H 
H 
H 
L 
L 
L 
L 
H 
L 


L 
L 
L 
L 
L 
L 
L 
H 
H 


L 
L 
H 
H 
H 
H 
H 
H 
L 


L 
H 
L 
H 
H 
H 
H 
H 
L 


A PlusB 
H 
H 
L 
L 
H 
H 
L 
H 
H 
H 
L 
L 


H 
L 
L 
H 
L 
L 
L 
H 
H 


H 
L 
H 
L 
L 
L 
L 
H 
L 


H 
H 
L 
L 
L 
L 
L 
H 
L 


H 
H 
H 
H 
H 
H 
H 
L 
L 


X 
L 
L 
L 
L 
L 
L 
H 
H 
X 
L 
H 
H 
H 
H 
H 
H 
H 
AIDB 
L 
L 
H 
X 
H 
L 
H 
H 
H 
H 
H 
L 
X 
H 
H 
L 
L 
L 
L 
L 
L 


X 
L 
L 
L 
L 
L 
L 
H 
H 
X 
L 
H 
H 
H 
H 
H 
H 
H 
A+B 
H 
L 
H 
X 
H 
L 
H 
H 
H 
H 
H 
H 
X 
H 
H 
H 
H 
H 
H 
H 
L 


X 
L 
L 
L 
L 
L 
L 
L 
L 
X 
L 
H 
L 
L 
L 
L 
H 
H 
AB 
L 
H 
H 
X 
H 
L 
L 
L 
L 
L 
L 
L 
X 
H 
H 
H 
H 
H 
H 
H 
L 


X 
L 
L 
H 
H 
H 
H 
H 
H 
X 
L 
H 
H 
H 
H 
H 
H 
H 
PRESET 
H 
H 
H 
X 
H 
L 
H 
H 
H 
H 
H 
H 
X 
H 
H 
H 
H 
H 
H 
H 
L 


H - 
HIGH Voltage Level 
L - 
LOW Voltage Level 
X = Immaterial 
• 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+700C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
- 55·C to + 175·C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 


in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 
TRI-STATE~ 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 


in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
IJ-A 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
IJ-A 
Max 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 


ICEX 
Output HIGH 
54F 
250 
IJ-A 
Max 
VOUT = Vcc 


Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.91J-A 


Test 
All Other Pins Grounded 


100 
Output Leakage 
74F 
3.75 
IJ-A 
0.0 
VIOO = 150mV 


Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V (Sn) 


-1.8 
mA 
Max 
VIN = 0.5V (An. Bn) 


-2.4 
mA 
Max 
VIN = 0.5V (Cn) 


10S 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


Icc 
Power Supply Current 
59 
89 
mA 
Max 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2SOC 
TA. Vcc 
= Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = 50pF 
CL = 50pF 
Units 
No. 
CL = 50pF 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
2.5 
8.1 
12.0 
2.5 
13.0 
2-3 
ns 
tpHL 
CntoFj 
2.5 
5.7 
8.0 
2.5 
9.0 


tPLH 
Propagation 
Delay 
4.0 
10.4 
15.0 
4.0 
16.0 
2-3 
tpHL 
Any A orBtoAny 
F 
3.5 
8.2 
11.0 
3.5 
12.0 
ns 


tpLH 
Propagation 
Delay 
4.5 
8.3 
20.5 
4.5 
21.5 
2-3 
ns 
tpHL 
SjtoFj 
4.0 
8.2 
15.0 
4.0 
16.0 


tpLH 
Propagation 
Delay 
3.5 
6.4 
10.0 
3.5 
11.0 
2-3 
tpHL 
A; orBj 
to ~ 
3.5 
6.8 
10.0 
3.0 
11.0 
ns 


tpLH 
Propagation 
Delay 
2.5 
7.2 
10.5 
2.5 
11.5 
2-3 
AjorBjtoP 
3.5 
6.5 
9.5 
3.5 
10.5 
ns 
tpHL 


tpLH 
Propagation 
Delay 
4.0 
7.8 
12.0 
4.0 
13.0 
2-3 
tpHL 
Sjto~orP 
4.5 
10.2 
13.5 
4.5 
14.5 
ns 


~National 
~ 
semiconductor 


54F/74F382 
4·Bit Arithmetic Logic Unit 


General Description 


The 'F382 
performs 
three 
arithmetic 
and three 
logic opera- 


tions 
on two 
4-bit 
words, 
A and 
B. Two 
additional 
Select 
input 
codes 
force 
the Function 
outputs 
LOW or HIGH. 
An 
Overflow 
output 
is provided 
for convenience 
in twos 
com- 


plement 
arithmetic. 
A Carry output 
is provided 
for ripple ex- 
pansion. 
For 
high-speed 
expansion 
using 
a Carry 
Look- 
ahead 
Generator, 
refer to the 'F381 
data sheet. 


50 


: } w¥ 


ALU 


5, 
~ 


c" 
Ae> 
FO 
Bo 


A, 
F, 
B, 
~ 
F, 
B, 


OVR 


A, 
c•••• 


B, 
F, 
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Features 


• 
Performs 
six arithmetic 
and logic functions 


• 
Selectable 
LOW (clear) 
and HIGH (preset) 
functions 


• 
LOW input loading 
minimizes 
drive requirements 


• 
Carry output 
for ripple expansion 


• 
Overflow 
output 
for twos 
complement 
arithmetic 


Pin Assignment 
for DIP, SOIC and Flatpak 


A, 
' 
8, 
2 
Ae> 3 


80 
• 


50 
5 


5, 
6 


5, 
7 


Fo 
8 


F, 
9 


GND 
'0 


20 
Vcc 


'9 
~ 
'8 
8, 


'7 
A, 


16 
8, 


15 
C" 
'4 
enu 


'3 
OVR 


'2 
F3 


11 
F, 


Pin Assignment 
forlCC 


Fa 50 5, So Ilo 
m[mm1J0 


F,mOrnAe> 
GNDIiQI 
m8, 
F2(j] 
OJA, 


F3 rrn 
Ii!! Vcc 


OVR ~ 
IIIDA, 


~lIIDff§I[z)MJ 
e.,..c"B,A,B:z 
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Pin Names 
Description 
U.L. 
Input 
IIHIIIL 


HIGH/LOW 
Output 
IOHIIOL 


Ao-A3 
A Operand 
Inputs 
1.0/4.0 
20 ",AI- 
2.4 mA 


Bo-B3 
B Operand 
Inputs 
1.0/4.0 
20 ",AI - 2.4 mA 


SO-52 
Function 
Select 
Inputs 
1.0/1.0 
20 ",AI-0.6 
mA 


Cn 
Carry Input 
1.0/5.0 
20 ",AI- 
3.0 mA 


Cn + 4 
Carry Output 
50/33.3 
-1 
mAl20mA 


OVR 
Overflow 
Output 
50/33.3 
-1 
mAl20 
mA 


Fo-F3 
Function 
Outputs 
50/33.3 
-1 
mAl20 
mA 


Functional Description 


Signals 
applied 
to the Select 
inputs 
So-52 
determine 
the 
mode 
of operation, 
as indicated 
in the Function 
Select 
Ta- 
ble. An extensive 
listing of input and output 
levels 
is shown 
in the Truth Table. 
The circuit 
performs 
the arithmetic 
func- 


tions 
for either 
active 
HIGH or active 
LOW operands, 
with 
output 
levels 
in the same convention. 
In the Subtract 
oper- 


ating modes, 
it is necessary 
to force a carry (HIGH for active 
HIGH operands, 
LOW for active 
LOW operands) 
into the Cn 
input 
of the 
least 
significant 
package. 
Ripple 
expansion 
is 
illustrated 
in Figure 
1. The overflow 
output OVR is the Exclu- 
sive-OR 
of Cn + 3 and 
Cn + 4; a HIGH 
signal 
on OVR 
indicates 
overflow 
in twos 
complement 
operation. 
Typical 


delays 
for Figure 
1 are given in Figure 2. 


Select 
Operation 
So 
S1 
S2 


L 
L 
L 
Clear 


H 
L 
L 
B Minus A 


L 
H 
L 
A MinusB 


H 
H 
L 
A Plus B 


L 
L 
H 
AGJB 


H 
L 
H 
A+B 


L 
H 
H 
AB 


H 
H 
H 
Preset 


~N 
CO~ 


OVERrLOW 


Path Segment 
Toward 
Output 


F 
en + 4,OVR 


Ai or Bj to Cn + 4 
6.5 ns 
6.5 ns 


CntoCn 
+ 4 
6.3 ns 
6.3 ns 


Cn to Cn + 4 
6.3 ns 
6.3 ns 


CntoF 
B.1 ns 
- 
Cn to Cn + 4, OVR 
- 
B.Ons 


Total Delay 
27.2 ns 
27.1 ns 
• 


Truth Table 


Inputs 
Outputs 


Function 
So 
51 
52 
Cn 
An 
Bn 
Fa 
F1 
F2 
F3 
OVA 
Cn + 4 


CLEAR 
L 
L 
L 
L 
X 
X 
L 
L 
L 
L 
H 
H 
H 
X 
X 
L 
L 
L 
L 
H 
H 


BMINUSA 
H 
L 
L 
L 
L 
L 
H 
H 
H 
H 
L 
L 
L 
L 
H 
L 
H 
H 
H 
L 
H 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
L 
H 
H 
H 
L 
H 
L 
L 
L 
L 
L 
H 
H 
H 
L 
L 
L 
L 
L 
H 


AMINUSB 
L 
H 
L 
L 
L 
L 
H 
H 
H 
H 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
H 
H 
H 
L 
H 
L 
H 
H 
H 
H 
H 
H 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
H 
H 
L 
H 
H 
L 
L 
L 
L 
L 
H 
H 
L 
H 
H 
H 
H 
L 
H 
H 
H 
H 
L 
L 
L 
L 
L 
H 


A PLUS B 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
L 
L 
L 
H 
L 
H 
H 
H 
H 
L 
L 
, 


L 
H 
H 
L 
H 
H 
H 
L 
H 
H 
L 
L 
H 
L 
L 
L 
L 
L 
H 
L 
H 
L 
L 
L 
L 
L 
H 
H 
H 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 


AeB 
L 
L 
H 
X 
L 
L 
L 
L 
L 
L 
L 
L 


X 
L 
H 
H 
H 
H 
H 
L 
L 
L 
H 
L 
H 
H 
H 
H 
L 
L 


X 
H 
H 
L 
L 
L 
L 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 


A+B 
H 
L 
H 
X 
L 
L 
L 
L 
L 
L 
L 
L 
X 
L 
H 
H 
H 
H 
H 
L 
L 


X 
H 
L 
H 
H 
H 
H 
L 
L 
L 
H 
H 
H 
H 
H 
H 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 


AB 
L 
H 
H 
X 
L 
L 
L 
L 
L 
L 
H 
H 


X 
L 
H 
L 
L 
L 
L 
L 
L 


X 
H 
L 
L 
L 
L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 


PRESET 
H 
H 
H 
X 
L 
L 
H 
H 
H 
H 
L 
L 


X 
L 
H 
H 
H 
H 
H 
L 
L 


X 
H 
L 
H 
H 
H 
H 
L 
L 
L 
H 
H 
H 
H 
H 
H 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 


H ~ HIGH Voltage Level 
L ~ LOW Voltage Level 
X = Immaterial 


}~ 
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Please note that this diagram is provided only for the understanding 
of logic operations and should not be used to estimate propagation delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
-65'C 
to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
-55'C 
to + 125'C 
Supply Voltage 
Junction 
Temperature 
under Bias 
-55'C 
to + 175'C 
Military 
+ 4.5V to + 5.5V 


Vee Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vee = OV) 
Standard 
Output 
-0.5Vto 
Vee 
TRI-STATE~ 
Output 
- 0.5V to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10l (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operatton under 


these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 
over Operating 
Temperature 
Range unless otherwise 
specified 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


Vil 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VeD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vee 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vee 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
Vee 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vee 
0.5 
V 
Min 
tOl = 20 mA 


Voltage 
74F 10% Vec 
0.5 
tOl = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
,..A 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
,..A 
Max 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 


ICEX 
Output HIGH 
54F 
250 
,..A 
Max 
Your = Vee 
Leakage 
Current 
74F 
50 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9,..A 


Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
,..A 
0.0 
VIOD = 150 mV 
Circuit Current 
I 
All Other Pins Grounded 


III 
Input LOW Current 
-0.6 
VIN = 0.5V (SO-S2) 
-1.8 
mA 
Max 
VIN = 0.5V (Ao-A3. 
Bo-B3) 
-2.4 
VIN = 0.5V (Cn• Cn+4) 


10ZH 
Output 
Leakage 
Current 
50 
,..A 
Max 
Your = 2.7V 


10Zl 
Output 
Leakage 
Current 
-50 
,..A 
Max 
Your = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
Your = OV 


Ice 
Power Supply Current 
54 
81 
mA 
Max 


AC Electrical Characteristics: 
See Section 
2 for U.L. definitions 


74F 
S4F 
74F 


TA = +2S"C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Units 


CL = 50 pF 
CL = SOpF 
CL = 50 pF 
No. 


Mln 
Typ 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
3.0 
8.1 
12.0 
3.0 
13.0 


tPHL 
CntoFj 
2.5 
5.7 
8.0 
2.5 
9.0 
ns 
2-4 


tpLH 
Propagation 
Delay 
4.0 
10.4 
15.0 
3.5 
17.0 


tpHL 
Any A or B to Any F 
3.0 
8.2 
11.0 
2.5 
12.0 
ns 
2-4 


tpLH 
Propagation 
Delay 
6.5 
11.0 
20.5 
5.5 
21.5 


tpHL 
SjtoFj 
4.0 
8.2 
15.0 
4.0 
17.5 
ns 
2-4 


tpLH 
Propagation 
Delay 
3.5 
6.0 
8.5 
3.5 
11.0 


tpHL 
Aj or Bj to Cn + 4 
3.5 
6.5 
9.0 
3.5 
10.5 
ns 
2-4 


tpLH 
Propagation 
Delay 
7.0 
12.5 
16.5 
7.0 
17.5 


tpHL 
Sj to OVR orCn + 4 
5.0 
9.0 
12.0 
5.0 
14.5 
ns 
2-4 


tpLH 
Propagation 
Delay 
2.5 
5.6 
8.0 
2.0 
9.0 


tpHL 
Cn to Cn + 4 
3.5 
6.3 
9.0 
2.0 
10.0 
ns 
2-4 


tpLH 
Propagation 
Delay 
3.5 
8.0 
11.0 
3.5 
13.0 


tpHL 
Cnto 
OVR 
2.5 
7.1 
10.0 
2.5 
11.0 
ns 
2-4 


tpLH 
Propagation 
Delay 
7.0 
11.5 
15.5 
7.0 
16.5 


tpHL 
Aj or Bj to OVR 
3.0 
8.0 
10.5 
3.0 
11.5 
ns 
2-4 


• 
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54F/74F384 
8-Bit Serial/Parallel 
Twos Complement Multiplier 


General Description 


The 'F384 
is an 8-bit by 1-bit sequential 
logic element 
that 
multiplies 
two 
numbers 
represented 
in twos 
complement 
notation. 
The device 
implements 
Booth's 
algorithm 
internal- 


ly to produce 
a twos 
complement 
product 
that 
needs 
no 
subsequent 
correction. 
Parallel 
inputs 
accept 
and store 
an 
8-bit 
multiplicand 
(XO-X7). 
The 
multiplier 
word 
is then 
ap· 
plied to the Y input in a serial bit stream, 
least significant 
bit 
first. The product 
is clocked 
out at the SP output, 
least sig- 
nificant 
bit first. 


The K input is used for expansion 
to longer 
X words, 
using 
two or more 'F384 
devices 
by connecting 
the output 
(SP) of 
one 
device 
to the K input 
of the other 
device. 
The 
Mode 
Control 
(M) input 
is used to establish 
the 
most 
significant 


device. 
An asynchronous 
Parallel 
Load (PL) input clears the 
internal 
flip·flops 
to the 
start 
condition 
and enables 
the 
X 
latches 
to accept 
new multiplicand 
data. The Parallel 
Load 
(PL) also clears 
the output 
(SP). 


Features 


• 
Twos 
complement 
multiplication 


• 
8-bit by 1-bit sequential 
logic element 


• 
Parallel 
inputs 
accept 
and 
store 
an 
8-bit 
multiplicand 
(Xo-X7) 


• 
K input is used for expansion 
to longer 
X words 


• 
Functionally 
and pin compatible 
to the Am25LS14A 


Pin Assignment 
Pin Assignment 


Y 
for DIP and SOIC 
forLCC 


W 
SP Xc>He Xl 
X2 
Pi: 
1 
16 
Vet; 
[!][L1 ~ rn [!] 


X3 
2 
15 
Y 


CP 
SP 
X2 
3 
1. 
X. 
~wDrn" 
Xl • 
13 
Xs 
GND [jQJ 
[II Pi: 


TLiF/l0217-1 
Xo 
5 
12 
X6 
HC [j] 
OJ HC 


W[i1] 
~Vet; 


SP 
6 
11 
X7 
KIl] 
[jj]Y 


CP 
7 
10 
K 


GHD 
8 
9 
W 
1BJ1!ID[jj]1!ZJ[jj] 


X7~HeXsX. 
TLiF/l0217-2 
TUF/10217-3 


Pin 
Description 
54F174F (U.L) 
IIH/IIL 
Names 
High/Low 
IOHIIOL 


CP 
Clock Pulse Input (Active Rising Edge) 
1.0/1.0 
20 I'-Al-0.6 
mA 
K 
Serial Expansion 
Input 
1.0/1.0 
20 I'-Al- 0.6 mA 
M 
Mode Control 
Input 
1.0/1.0 
20 I'-Al- 0.6 mA 
PL 
Asynchronous 
Parallel Load Input (Active LOW) 
1.012.0 
20 I'-Al-l.2 
mA 


XO-X7 
Multiplicand 
Data Inputs 
1.0/1.0 
20 I'-Al-0.6 
mA 
Y 
Serial Multiplier 
Input 
1.0/1.0 
20 I'-Al-0.6 
mA 
SP 
Serial X-Y Product Output 
50/33.3 
-1 
mAl20mA 


Functional Description 


Referring 
to the 
Logic 
Diagram 
and Figure A, the multipli- 
cand (XO-X7) 
latches 
are enabled 
to receive 
new data when 
PL is LOW. 
Data 
that 
meet 
the 
setup/hold 
time 
require- 
ments are stored 
when 
PL goes 
HIGH. The LOW signal on 
PL clears 
the output 
(SP) as well as the internal 
flip-flops. 


New multiplicand 
data enter the X latches 
during bit time To. 


It is assumed 
that PL goes LOW shortly 
after the CP rising 
edge that marks the beginning 
of To and goes HIGH again 
one recovery 
time before 
the beginning 
of T1. The LSB (yo) 
of the multiplier 
is applied 
to the Y input during To and must 
be held one hold time after the beginning 
of T1. One propa- 
gation 
delay 
after the beginning 
of T1' the LSB (So) of the 
product 
appears 
at the output 
(SP). This multiplication 
pro- 
cess is continued 
by applying 
Y 1- Y6 to the Y input causing 
S1-S6 
of the product 
to appear 
at the output 
(SP). 


The MSB Y7 (the sign bit) of the multiplier 
is first applied 
to 
the Y input during T7 and must be held through 
T 16 causing 
SrS15 
of the product 
to appear 
at the 
output 
(SP). This 
extension 
of the sign bit is a necessary 
adjunct 
to the imple- 
mentation 
of Booth's 
algorithm. 
This is a built-in 
feature 
of 
the 'F322 
Shift Register 
(See Figure 8). 
Figure C shows 
the method 
of using two F364's 
to perform 
a 12 x n bit multiplication. 
Notice 
that the sign of X is effec- 
tively 
extended 
by connecting 
Xll 
to X4-X7 
of the 
most 
significant 
package. 
Whereas 
the 
6 x 6 multiplication 
re- 
quired 
17 clock 
periods 
(m + n to form the product 
terms 
plus To to clear the multiplier), 
the arrangement 
of Figure C 
requires 
12 + n + 1 bits to form the product 
terms. 


Inputs 
Internal 
Output 
Function 
PL 
CP 
K 
M 
XI 
Y 
Ya-1 
SP 


X 
X 
L 
L 
X 
X 
X 
X 
Most Significant 
MUltiplier Device 


X 
X 
CS 
H 
X 
X 
X 
X 
Devices 
Cascaded 
in Multiplier 
String 


L 
X 
X 
X 
OP 
X 
L 
L 
Load New Multiplicand 
and Clear 
Internal Sum and Carry Registers 


H 
X 
X 
X 
X 
X 
X 
X 
Device Enabled 


H 
t 
X 
X 
X 
L 
L 
AR 
Shift Sum Register 


H 
t 
X 
X 
X 
L 
H 
AR 
Add Multiplicand 
to Sum 
Register 
and Shift 


H 
t 
X 
X 
X 
H 
L 
AR 
Subtract 
Multiplicand 
from Sum 
Register 
and Shift 


H 
t 
X 
X 
X 
H 
H 
AR 
Shift Sum Register 


H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 
1" ~ 
LOW-la-HIGH 
Transiijon 


CS = Connected 
to SP output of high order device 
OP ~ X; latches open for new data (i ~ 0-7) 
AR ~ Output as required per Booth's algorithm 


X = Immaterial 
• 


Absolute Maximum Ratings 
(Note 1) 


If Military/Aerospace 
specified 
devices 
are 
required, 
Current 
Applied 
to Output 


please 
contact 
the 
National 
Semiconductor 
Sales 
in LOW State (Max) 
twice the rated 10l (mA) 
Office/Distributors 
for availability 
and specifications. 
Note 
1: Absolute 
maximum 
ratings are values beyond which the device 
may 


Storage 
Temperature 
- 6S·C to + lS0·C 
be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Ambient 
Temperature 
under Bias 
-SS·C 
to + 12S·C 
Note 
2: Either vottage 
limit or current 
limit is sufficient 
to protect 
inputs. 


Junction 
Temperature 
under Bias 
- SS·C to + 17S·C 


Vcc 
Pin Potential 
Recommended 
Operating 
to Ground 
Pin 
-O.SVto 
+7.0V 
Conditions 
Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 
Free Air Ambient 
Temperature 
Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 
Military 
-55·C 
to + 12S·C 


Voltage 
Applied 
to Output 
Commercial 
O·Cto 
+700C 


in HIGH State 
(with Vcc 
= 
OV) 
Supply 
Voltage 
Standard 
Output 
-0.5Vto 
Vcc 
Military 
+ 4.5V to + 5.5V 
TRI-STATE<!l Output 
- 0.5V to + 5.5V 
Commercial 
+ 4.5V to + 5.5V 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


Vll 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = 
-18 
mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = 
-1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = 
-1 
mA 


74F5% 
Vcc 
2.7 
10H = 
-1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10l = 20mA 
Voltage 
74F 10% Vcc 
0.5 
10l = 20mA 


IIH 
Output 
HIGH 
54F 
20.0 
",A 
Max 
VIN=2.7V 
Current 
74F 
I 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
",A 
Max 
VIN=7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output HIGH 
54F 
250 
",A 
Max 
VOUT = Vcc 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 
1.9 ",A 
Test 
All Other Pins Grounded 


100 
Output Leakage 


, 


3.7S 
VIOO = 
150mV 
Circuit Current 
74F 
",A 
0.0 
All Other Pins Grounded 


III 
Input LOW Current 
-0.6 
mA 
Max 
VIN = O.SV (Except 
PL) 
-1.2 
mA 
Max 
VIN = 0.5V (PL) 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


Icc 
Power Supply Current 
60 
90 
mA 
Max 
Vo = 
HIGH 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


54F174F 
54F 
74F 


Symbol 
Parameter 
TA = +25°C 
TA. Vcc = 
TA. Vcc = 
Units 
Fig. 


Vcc = +5.0V 
Mil 
Com 
No. 


Cl = 50pF 
Cl = 50pF 
Cl = 50pF 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


fmax 
Maximum 
Clock Frequency 
50 
50 
MHz 
2-1 


tpLH 
Propagation 
Delay 
3.5 
6.5 
9.0 
3.5 
10.0 
2-3 
tpHL 
CPtoSP 
3.5 
6.5 
9.0 
3.5 
10.0 
ns 


tpHL 
Propagation 
Delay 
6.0 
10.0 
13.0 
6.0 
14.0 
ns 
2-3 
PLtoSP 


AC Operating Requirements: 
See Section 
2 for Waveforms 


54F174F 
54F 
74F 


Symbol 
Parameter 
TA = +25°C 
TA. Vcc = 
TA. Vcc = 
Units 
Fig. 


Vcc = +5.0V 
Mil 
Com 
No. 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tslH) 
Setup Time, HIGH or LOW 
9.0 
10.0 


tslL) 
KtoCP 
9.0 
10.0 
2-6 
ns 
thlH) 
Hold Time, HIGH or LOW 
2.0 
2.0 


thlL) 
KtoCP 
2.0 
2.0 


tslH) 
Setup Time, HIGH or LOW 
15.0 
15.0 


tslL) 
YtoCP 
15.0 
15.0 
ns 
2-6 
thlH) 
Hold Time, HIGH or LOW 
2.0 
2.0 


thlL) 
YtoCP 
2.0 
2.0 


tslH) 
Setup Time, HIGH or LOW 
3.0 
4.0 


tslL) 
Xnto 
PL 
6.0 
7.0 
ns 
2-6 
thlH) 
Hold Time, HIGH or LOW 
2.0 
2.0 


thlll 
Xn to PL 
4.0 
4.0 


twlH) 
CP Pulse Width 
7.0 
7.0 
twlL) 
HIGH or LOW 
7.0 
7.0 
ns 
2-4 


twlL) 
PL Pulse Width, 
LOW 
6.5 
7.0 
ns 
2-4 


tree 
Recovery 
Time 
6.0 
10.0 
2-6 
PL toCP 
ns 


rallel 


nable 
6 
RE 
SiP 
DO 
H- 
01 


L- 
S 


Re•• l--< 
'F322 
WR 
8-B~ Shift Register 
°0 -- 
lend--< 
SE 


Clock- 
CP 


nlrol--< 
OE 1/°7 
1/°6 
I/Os 
I/0. 
1/°3 
1/°2 
1/°1 
1/°0 


CP 
X7 
X6 
Xs 
X. 
X3 
X2 
Xl 
Xo 
- 
y 
'F38. 
L- 
K 
Serial/Parallel 
L- 
W 
Wultlpller 


PL 
SP 
I 


Serial/Pa 


Clock E 


Waster 


Sign Ex 


CLEAR 


CLOCK 


y 
X7 X6 Xs X. 
X3 X2 
Xl 
Xo 


K 


III 
'F384 
SP 


PL 


CP 


• 
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54F/74F385 
Quad Serial Adder /Subtractor 


General Description 


The 'F385 
contains 
four serial adder/subtractors 
with com- 


mon clock 
and clear 
inputs, 
but independent 
operand 
and 
mode 
select 
inputs. 
Each adder/subtractor 
contains 
a sum 
flip-flop 
and 
a carry-save 
flip-flop 
for 
synchronous 
opera- 
tions. 
Each circuit 
performs 
either A plus B or A minus 
B in 
twos complement 
notation, 
but can also be used for magni- 
tude-only 
or ones complement 
operation. 
The 'F385 
is de- 
signed 
for use with the 'F384 
and 'F784 
serial multipliers 
in 
implementing 
digital filters or butterfly 
networks 
in fast Fouri- 


er transforms. 


Features 


• 
Four independent 
adder / subtractors 


• 
Twos 
complement 
arithmetic 


• 
Synchronous 
operation 


• 
Common 
clear and clock 


• 
Ones complement 
or magnitude-only 
capability 


Ordering Code: 
See Section 
5 


Logic Symbols 
Connection 
Diagrams 


Pin Assignment 
Pin Assignment 
for DIP, SOIC and Flatpak 
forLCC 


~BzA:1A,8, 


CP 
1 
20 
Vcc 
ill IIH!J [II rn 


r, 
2 
19 
r4 


5, 
3 
18 
54 
r2 [[J 
rn5, 


8, 
4 
17 
84 
GND IIQ) 
mr, 


A, 
5 
16 
A4 
~[j] 
[I]CP 
r31IlJ 
GGVcc 
A2 
6 
15 
A3 
53 1m 
Ii2Ir4 
82 
7 
14 
83 


52 
8 
13 
53 
~§[§J1!ZI1lID 
r2 
9 
12 
r3 
83 A3 A4 84 54 


GND 
10 
11 
Wi! 
TL/F/9531-3 


TUF/9531-2 


iiR 


Cl' 


S, 
20 
F, 
R 
A, 


B, 
20 
3R 24 
3S 


S2 
F2 


A2 


B2 


SJ 
FJ 
AJ 


BJ 


S. 
F. 
A4 


B. 


TL/F/9531-5 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


A1-A4 
A Operand 
Inputs 
1.0/1.0 
20 ,...A/-0.6 
mA 


B1-B4 
B Operand 
Inputs 
1.0/1.0 
20 ,...A/- 
0.6 mA 


S1-S4 
Function 
Select 
Inputs 
1.0/1.0 
20 ,...A/-0.6 
mA 


CP 
Clock Pulse Input (Active 
Rising Edge) 
1.0/1.0 
20,...A/-0.6mA 


MR 
Asynchronous 
Master Reset Input (Active 
LOW) 
1.0/1.0 
20 ,...A/-0.6 
mA 


F1-F4 
Sum or Difference 
Outputs 
50/33.3 
-1 
mA/20mA 


Functional Description 


Each 
adder 
contains 
two 
edge-triggered 
flip-flops 
to store 
the sum and carry, as shown 
in the Logic Diagram. 
Flip-flop 
state 
changes 
occur 
on the rising edge 
of the Clock 
Pulse 
(CP) input signal. 
The Select 
(S) input 
should 
be LOW for 
the Add (A plus B) mode 
and HIGH for the Subtract 
(A mi- 


nus B) mode. 
A LOW 
signal 
on the asynchronous 
Master 
Reset 
(MR) 
input 
clears 
the 
sum 
flip-flop 
and 
resets 
the 
carry flip-flop 
to zero in the Add mode or presets 
it to one in 
the Subtract 
mode. 


In the Subtract 
mode, 
the B operand 
is internally 
comple- 
mented. 
Presetting 
the carry flip-flop 
to one completes 
the 
twos 
complement 
transformation 
by adding 
one to "A plus 
S" during the first (LSB) operation 
after MR is released. 
For 
ones complement 
subtraction, 
the carry flip-flop 
can be set 
to zero by making 
S LOW during 
the reset, then 
making 
S 
HIGH after the reset but before 
the next clock. 


Inputs· 
Internal 
Output· 
Carry 
Function 


MR 
S 
A 
B 
C 
C1 
F 


L 
L 
X 
X 
L 
L 
L 
Clear 
L 
H 
X 
X 
H 
H 
L 


H 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
H 
L 
H 
H 
L 
L 
H 
L 
L 
H 
H 
L 
L 
H 
H 
H 
L 
H 
L 
H 
L 
L 
L 
H 
Add 


H 
L 
H 
L 
H 
H 
L 
H 
L 
H 
H 
L 
H 
L 
H 
L 
H 
H 
H 
H 
H 


H 
H 
L 
L 
L 
L 
H 
H 
H 
L 
L 
H 
H 
L 
H 
H 
L 
H 
L 
L 
L 
H 
H 
L 
H 
H 
L 
H 
H 
H 
H 
L 
L 
H 
L 
Subtract 


H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
L 
L 
H 
H 
H 
H 
H 
H 
H 
L 


H ~ 
HIGH Voltage Level 
L ~ LOW Voltage Level 
X = Immaterial 
• = Inputs before CP transition, output after C 
C, 
~ Carry flip-flop sta'e before (C) and after (C,) clock transition 
• 


o 
SUIol 
Q 
CP 
Cl.R 


S, 


ADD/ 
SUBTRACT 


Q 
C, 
C, 
ij 


Mil 


IlASTER 


RESET 
TO 3 
OTHER 


ADDER/SUBTRACTORS 


TL/F/9531-4 


Please 
note that this diagram 
is provided 
only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for 
availability 
and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
-55·C 
to + 125·C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-55·C 
to + 175·C 
Military 
+ 4.5V to + 5.5V 


Vee 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 


in HIGH State 
(with Vee = OV) 
Standard 
Output 
-0.5Vto 
Vee 
TRI-STATE<I> Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10l (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged 
or have its useful 
life impaired. 
Functional 
operation 
under 
these conditions 
is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


Vil 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% VCC 
2.5 
10H = -1 
mA 


I 


Voltage 
74F10% 
Vee 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
Vee 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F10%Vcc 
0.5 
V 
Min 
10l = 20mA 


Voltage 
74F 10% Vee 
0.5 
10l = 20mA 


IrH 
Input HIGH 
54F 
20.0 
",A 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


lavi 
Input HIGH Current 
54F 
100 
",A 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 
Max 


ICEX 
Output 
HIGH 
54F 
250 
",A 
Max 
Your 
= Vee 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9 ",A 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
",A 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


III 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10S 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
Your 
= OV 


ICCH 
Power Supply Current 
68 
92" 
mA 
Max 
Vo = HIGH 


leel 
Power Supply Current 
68 
92" 
mA 
Max 
Vo = LOW 


°95 mA for 54F 
• 


AC Electrical Characteristics: 
See Section 2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S'C 
TA. VCC = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Cl = SOpF 
Cl = SOpF 
Units 
No. 
Cl = SOpF 


Mln 
Typ 
Max 
Mln 
Max 
Min 
Max 


fmax 
Maximum 
Clock Frequency 
70 
100 
65 
70 
MHz 
2-1 


tplH 
Propagation 
Delay 
3.5 
6.0 
8.0 
3.0 
10.0 
3.5 
9.0 
2-3 
ns 
tpHl 
CPto 
Fn 
4.0 
7.0 
9.0 
3.5 
11.0 
4.0 
10.0 


tpHl 
Propagation 
Delay 
5.5 
9.0 
12.0 
5.0 
14.0 
5.5 
13.0 
ns 
2-3 
MR to Fn 


AC Operating Requirements: 
See Section 2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Min 
Max 
Mln 
Max 
Min 
Max 


tslH) 
Setup Time. HIGH or LOW 
15.0 
17.5 
15.0 


tslL) 
An to CP 
15.0 
17.5 
15.0 
2-6 
, 
ns 
thlH) 
Hold Time. HIGH or LOW 
0 
0 
0 


thlL) 
AntoCP 
0 
0 
0 


tslH) 
Setup Time. HIGH or LOW 
15.0 
17.5 
15.0 


tslL) 
Sn orSntoCP 
15.0 
17.5 
15.0 
2-6 
ns 
thlH) 
Hold Time. HIGH or LOW 
0 
0 
0 


thlL) 
Sn orSn toCP 
0 
0 
0 


twlH) 
CP Pulse Width 
6.0 
7.0 
6.0 
2-4 
twlL) 
HIGH or LOW 
6.0 
7.0 
6.0 
ns 


twlL) 
MR Width. 
LOW 
6.0 
6.5 
6.0 
ns 
2-4 


tree 
Recovery 
Time. MR to CP 
8.5 
10.0 
9.5 
ns 
2-6 


~National 
~ 
semiconductor 


54F /7 4F398 • 54F /7 4F399 
Quad 2-Port 
Register 


General Description 
The 'F398 and 'F399 are the logical equivalents of a quad 
2-input mUltiplexer feeding into four edge-triggered flip- 
flops. A common Select input determines which of the two 
4-bit words is accepted. The selected data enters the flip- 
flops on the rising edge of the clock. The 'F399 is the 16-pin 
version of the 'F398, with only the Q outputs of the flip-flops 
available. 


Features 
• 
Select inputs from two data sources 
• 
Fully positive edge-triggered operation 
• 
Both true and complement outputs-'F398 
• 
Guaranteed 4000V minimum ESD protection-'F399 


Pin Assignment 
for DIP, sOle 
and Flatpak 


s 
t 
20 
Vcc 


Da 
2 
19 
Dd 
Qa 
3 
t8 
Qd 


lOa 
4 
17 
10d 


Ita 
5 
16 
Itd 


Itb 
6 
15 
I'e 


lOb 
7 
t4 
10e 
Qb 
8 
13 
Qe 


Db 
9 
12 
De 


GNO 
10 
1t 
CP 


TLIF/9533-6 


S 
16 
Vcc 


Da 
15 
Dd 


lOa 
14 
10d 


Ita 
13 
11d 
11b 
12 
11e 


lOb 
11 
10c 


Db 
10 
De 


GNO 
9 
CP 


TUF/9533-8 • 


54F174F 


Pin Names 
Description 
U.L 
Input IIH/IIL 
HIGH/LOW 
Output 
IOHIIOL 


S 
Common Select Input 
1.0/1.0 
20 ,..A/-0.6 
mA 
CP 
Clock Pulse Input (Active Rising Edge) 
1.0/1.0 
20 ,..A/-0.6 
mA 


IOa-IOd 
Data Inputs from Source 0 
1.0/1.0 
20 ,..A/-0.6 
mA 


11a-11d 
Data Inputs from Source 1 
1.0/1.0 
20 ,..A/- 0.6 mA 
Oa-Od 
Register True Outputs 
50/33.3 
-1 mA/20mA 
aa-ad 
Register Complementary Outputs ('F398) 
50/33.3 
-1 mA/20mA 


Functional Description 


The 'F398 
and 'F399 
are high-speed 
quad 2-port 
registers. 


They 
select 
four 
bits 
of data 
from 
either 
of two 
sources 
(Ports) 
under 
control 
of a common 
Select 
input 
(5). 
The 
selected 
data 
is transferred 
to a 4-bit 
output 
register 
syn- 


chronous 
with the LOW-to-HIGH 
transition 
of the Clock 
in- 
put (CP). The 4-bit 
Ootype output 
register 
is fully edge-trig- 
gered. The Data inputs (lox, 11xl and Select 
input (5) must be 
stable 
only 
a setup 
time 
prior 
to and 
hold 
time 
after 
the 
LOW-to-HIGH 
transition 
of the Clock 
input 
for predictable 
operation. 
The 'F398 
has both Q and Q outputs. 


Inputs 
Outputs 


5 
10 
'1 
Q 
Q. 


I 
I 
X 
L 
H 
I 
h 
X 
H 
L 


h 
X 
I 
L 
H 


h 
X 
h 
H 
L 


H ~ 
HIGH Voltage Level 
L ~ 
LOW Voltage Level 
h ~ 
HIGH Voltege 
Level one setup time prior to the LOW-ta-HIGH 
clock 


transition 
I ~ 
LOW Voltage 
Level one setup time prior to the LOW-ta-HIGH 
clock 


transition 
X - 
Immaterial 
·'F398 
only 


·'F398 Only 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays . 


• 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
MIlitary/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
-55'C 
to + 125'C 
Storage 
Temperature 
-65'C 
to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-55'C 
to + 175'C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with VCC = OV) 
Standard 
Output 
-0.5VtoVcc 
TRI-STATE@ 
Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 


in LOW State (Max) 
twice the rated 10l (mA) 


ESD Last Passing Voltage 
(Min)-'F399 
4000V 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device 
may 


be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current 
limit is sufficient to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


Vil 
Input LOW Voltage 
, 
0.8 
V 
Recognized 
as a LOW Signal 


Vco 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% VCC 
2.5 
'OH = -1 
mA 
Voltage 
74F 10% VCC 
2.5 
V 
Min 
10H = -1 
mA 


74F 5% VCC 
2.7 
10H = -1 
mA 


Val 
Output 
LOW 
54F 10% VCC 
0.5 
V 
Min 
10l = 20mA 


Voltage 
74F 10% VCC 
0.5 
IOL = 20mA 


IIH 
Input HIGH Current 
54F 
20.0 
JJ-A 
Max 
V,N = 2.7V 


74F 
5.0 


'BVI 
Input HIGH Current 
54F 
100 
JJ-A 
Max 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 


'CEX 
Output 
HIGH 
54F 
250 
JJ-A 
Max 
VOUT = VCC 


Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
- 


110= 1.9 JJ-A 


Test 
74F 
4.75 
V 
0.0 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
JJ-A 
0.0 
VI00 = 150mV 
Circuit Current 
All Other Pins Grounded 


III 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10S 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
('F398) 
25 
38 
mA 
Max 
Va = HIGH 


ICCl 
Power Supply Current 
('F398) 
25 
38 
mA 
Max 
Va = LOW 


ICCH 
Power Supply Current 
('F399) 
22 
34 
mA 
Max 
Va = HIGH 


ICCl 
Power Supply Current 
('F399) 
22 
34 
mA 
Max 
Va = LOW 


'A = 
-r~O-\i 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
CL = 50pF 


Mln 
Typ 
Max 
Mln 
Max 
Min 
Max 


fmax 
Input Clock Frequency 
100 
140 
80 
100 
MHz 
2-1 


tpLH 
Propagation 
Delay 
3.0' 
5.7 
7.5 
3.0 
9.5 
3.0 
8.5 
2-3 
CPtoQorQ 
3.0 
6.8 
9.0 
3.0 
11.5 
3.0 
10.0 
ns 
tpHL 


·'F398 3.3 ns 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
54F 
74F 


Symbol 
Parameter 
TA = +2S'C 
TA. Vcc = Mil 
TA. VCC = Com 
Units 
Fig. 


Vcc = +5.0V 
No. 


Mln 
Max 
Mln 
Max 
Mln 
Max 


t8(H) 
Setup Time, HIGH or LOW 
3.0 
4.5 
3.0 
t8(L) 
IntoCP 
3.0 
4.5 
3.0 
2-6 
ns 
th(H) 
Hold Time, HIGH or LOW 
1.0 
1.5 
1.0 


th(L) 
IntoCP 
1.0 
1.5 
1.0 


t8(H) 
Setup Time, HIGH or LOW 
7.5 
10.5 
8.5 
t8(L) 
S to CP ('F398) 
7.5 
10.5 
8.5 


t8(H) 
Setup Time, HIGH or LOW 
7.5 
9.5 
8.5 
t8(L) 
S to CP ('F399) 
7.5 
9.5 
8.5 
ns 
2-6 


th(H) 
Hold Time, HIGH or LOW 
0 
0 
0 
th(L) 
StoCP 
0 
0 
0 


tw(H) 
CP Pulse Width 
4.0 
4.0 
4.0 
tw(L) 
HIGH or LOW 
5.0 
7.0 
5.0 
ns 
2-4 


I 
. 


• 
, 
• 
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54F/74F401 
CRC Generator/Checker 


General Description 


The 
'F401 
Cycle 
Redundancy 
Check 
(CRG) 
Generator/ 


Checker 
provides 
an advanced 
tool 
for implementing 
the 
most 
widely 
used 
error 
detection 
scheme 
in serial 
digital 
data handling 
systems. 
A 3-bit control 
input selects 
one-of- 
eight 
generator 
polynomials. 
The 
list 
of 
polynomials 
in- 
cludes 
CRC-16 
and CRC-CCITT 
as well as their reciprocals 
(reverse 
polynomials). 
Automatic 
right justification 
is incor- 


porated 
for polynomials 
of degree 
less than 
16. Separate 
clear and preset 
inputs are provided 
for floppy 
disk and oth- 


er applications. 
The Error output 
indicates 
whether 
or not a 
transmission 
error has occurred. 
Another 
control 
input inhib- 
its feedback 
during 
check 
word transmission. 
The 'F401 
is 
fully compatible 
with all TTL families. 


Features 


• 
Eight selectable 
polynomials 


• 
Error indicator 


• 
Separate 
preset 
and clear controls 


• 
Automatic 
right justification 


• 
Fully compatible 
with all TTL logic families 


• 
14-pin package 


• 
9401 equivalent 


• 
Typical 
applications: 


Floppy 
and other 
disk storage 
systems 
Digital cassette 
and cartridgfr 
systems 
Data communication 
systems 


Pin Assignment 
for DIP, SOIC and Flatpak 
Pin Assignment 
forLCC 


Ci' 
1. 
Vex 


p 
13 
ER 


50 
12 
Q 


WR 
11 
D 


51 
10 
CWE 


NC 
9 
Me 


GND 
8 
52 


TUF/9534-1 


51 Me WRMe So 
[!J[lJ[!] mill 
NcrnDrnp 
GNDIim 
rnCi' 


Me(j] 
(DNC 


521i1l 
f1!!Vex 


NC 1m 
Ii]]ER 


1HI1i]]1!§l1i1J~ 


CWEMeDMeQ 


54F174F 


Pin Names 
Description 
U.L. 
Input 
IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 
So-S2 
Polynomial 
Select 
Inputs 
1.011.0 
20 ",A/-0.6 
mA 
0 
Data Input 
1.0/1.0 
20 ",A/- 
0.6 mA 
CP 
Clock Input (Operates 
on HIGH-to-LOW 
Transition) 
1.0/1.0 
20 ",A/- 
0.6 mA 
CWE 
Check Word Enable 
Input 
1.0/1.0 
20 ",A/-0.6 
mA 
p 
Preset (Active 
LOW) Input 
1.011.0 
20 ",A/-0.6 
mA 
MR 
Master 
Reset (Active 
HIGH) Input 
1.0/1.0 
20 ",A/-0.6 
mA 
Q 
Data Output 
50/33.3 
-1 
mA/20 
mA 


ER 
Error Output 
50/33.3 
-1 
mA/20 
mA 


Functional Description 
The 'F401 
is a 16-bit programmable 
device 
which 
operates 
on serial 
data 
streams 
and provides 
a means 
of detecting 
transmission 
errors. Cyclic encoding 
and decoding 
schemes 
for error detection 
are based on polynomial 
manipulation 
in 
modulo 
arithmetic. 
For encoding, 
the data stream 
(message 
polynomial) 
is divided 
by a selected 
polynomial. 
This 
divi- 
sion results 
in a remainder 
which 
is appended 
to the mes- 
sage as check 
bits. For error checking, 
the bit stream 
con- 
taining 
both data and check 
bits is divided 
by the same se- 
lected 
polynomial. 
If there are no detectable 
errors, this divi- 
sion 
results 
in a zero 
remainder. 
Although 
it is possible 
to 
choose 
many 
generating 
polynomials 
of 
a given 
degree, 


standards 
exist that specify 
a small 
number 
of useful 
poly- 
nomials. 
The 'F401 implements 
the polynomials 
listed in Ta- 


ble I by applying 
the appropriate 
logic 
levels 
to the select 


pins 80, 81 and 82. 


The 'F401 consists 
of a 16-bit register, 
a Read Only Memory 
(ROM) 
and 
associated 
control 
circuitry 
as shown 
in the 
block 
diagram. 
The 
polynomial 
control 
code 
presented 
at 
inputs 
So, Sl and S2 is decoded 
by the ROM, selecting 
the 
desired 
polynomial 
by establishing 
shift mode operation 
on 
the register 
with 
Exclusive 
OR gates 
at appropriate 
inputs. 
To generate 
the check 
bits, the data stream 
is entered 
via 
the Data inputs (D), using the HIGH-to· LOW transition 
of the 


Select Code 


Sl 


L 


L 


H 


H 


L 


L 


H 


H 


X16 + X15 + X2 + 1 


X16 + X14 + X + 1 


X16 + X15 + X13 + X7 + X4 + X2 + Xl + 1 


X12 + Xll 
+ X3 + X2 + X + 1 


X8 + X7 + X5 + X4 + X + 1 


X8 + 1 


X16 + X12 + X5 + 1 


X16 + Xll 
+ X4 + 1 


CHECK 


WORO 


ENABLE 


PRESET 


OATA 


CLOCK 


Clock input (CP). This data is gated with the most significant 
output 
(0) of the 
register, 
and controls 
the 
Exclusive 
OR 
gates 
(Figure 
1). The Check 
Word 
Enable 
(CWE) 
must 
be 
held 
HIGH 
while 
the data 
is being 
entered. 
After 
the 
last 
data bit is entered, 
the CWE is brought 
LOW and the check 
bits are shifted 
out of the register 
and appended 
to the data 
bits using ex1ernal gating 
(Figure 2). 


To check 
an incoming 
message 
for errors, 
both 
the 
data 
and 
check 
bits 
are entered 
through 
the 
D input 
with 
the 
CWE input held HIGH. The 'F401 
is not in the data path, but 
only monitors 
the message. 
The Error Output 
becomes 
valid 
after the last check 
bit has been entered 
into the 'F401 by a 
HIGH-to-LOW 
transition 
of CPo If no detectable 
errors 
have 
occurred 
during the data transmission, 
the resultant 
internal 
register 
bits are all LOW and the Error Output 
(ER) is LOW. 


If a detectable 
error has occurred, 
ER is HIGH. 


A HIGH 
on the 
Master 
Reset 
input 
(MR) 
asynchronously 
clears the register. 
A LOW on the Preset input (is) asynchro- 


nously 
sets 
the 
entire 
register 
if the 
control 
code 
inputs 
specify 
a 16-bit polynomial; 
in the case of 12- or a·bit check 
polynomials 
only 
the 
most 
significant 
12 or a register 
bits 
are set and the remaining 
bits are cleared. 


CRC-16 


CRC-16 
REVERSE 


LRc-a 


CRC-CCITI 


CRC-CCITI 
REVERSE 


• 


CHECK WORD 
ENABLE 
(NOTE 1 AND 3) 


CWE 
F401 
CRC 
GENERATOR/ 
CHECKER 


Note 1: Check word Enable 
is HIGH 
while data is being clocked, 
LOW while transmission 
of check 
bits. 


Note 
2: 'F401 
must be reset or preset before 
each computation. 


Note 3: CRC check bits are generated 
and appended to data bits. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc 
= 
OV) 
Standard 
Output 
-0.5VtoVcC 


TRI-STATE@Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN=-18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = 
-1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = 
-1 
mA 


74F5% 
Vcc 
2.7 
10H = 
-1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH Current 
54F 
20.0 
/-LA 
VIN = 2.7V 


74F 
5.0 
Max 


ISVI 
Input HIGH Current 
54F 
100 
/-LA 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 
Max 


ICEX 
Output 
HIGH 
54F 
250 
/-LA 
Your 
= Vcc 
Leakage 
Current 
74F 
50 
Max 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 
1.9/-LA 
Test 
All Other Pins Grounded 


10D 
Output 
Leakage 
74F 
3.75 
/-LA 
0.0 
VIOD = 
150 mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short·Circuit 
Current 
-60 
-150 
mA 
Max 
Your 
= OV 


'CCH 
Power Supply Current 
70 
105 
mA 
Max 
Vo = HIGH 
• 


Symbol 
Parameter 
Vcc = +S.OV 
IA. vcc 
= Mil 
TA. Vcc = Com 
Units 
Fig. 


eL = SOpF 
CL = SOpF 
No. 


CL = SOpF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


fmax 
Maximum 
Clock Frequency 
100 
85 
MHz 
2-1 


tpLH 
Propagation 
Delay 
4.5 
11.5 
4.5 
t3.5 
2-3 
ns 
tpHL 
CPtoO 
4.0 
10.0 
4.0 
11.0 


tpHL 
Propagation 
Delay 
3.0 
7.5 
3.0 
8.0 
ns 
2-3 
MRtoO 


tpLH 
Propagation 
Delay 
3.0 
8.5 
3.0 
9.5 
ns 
2-3 
Pto a 


tpHL 
Propagation 
Delay 
3.5 
11.0 
3.5 
12.0 
ns 
2-3 
MRtoER 


tpLH 
Propagation 
Delay 
3.0 
8.5 
3.0 
10.0 
ns 
2-3 
P to ER 


tpLH 
Propagation 
Delay 
5.0 
13.0 
5.0 
14.5 
2-3 
CPto 
ER 
4.5 
11.5 
4.5 
12.5 
ns 
tPHL 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Min 
Max 
Mln 
Max 
Min 
Max 


t5(H) 
Set-up Time, HIGH or LOW 
5.0 
5.5 


t5(L) 
DtoCP 
5.0 
5.5 


t5(H) 
Set-up Time, HIGH or LOW 
4.0 
4.5 
2-6 
t5(L) 
CWEto 
CP 
4.0 
4.5 
ns 


th(H) 
Hold Time, HIGH or LOW 
2.0 
2.0 


th(L) 
D and CWE to CP 
2.0 
2.0 


tw(L) 
P Pulse Width, 
LOW 
7.0 
8.0 
ns 
2-4 


tw(H) 
Clock Pulse Width, 
5.0 
6.0 
2-4 
tw(L) 
HIGH or LOW 
5.0 
6.0 
ns 


tw(H) 
MR Pulse Width, HIGH 
5.0 
5.5 
ns 
2-4 


tree 


Recovery 
Time 
4.0 
4.5 
ns 
2-6 
MRtoCP 


tree 


Recovery 
Time 
2.0 
2.0 
ns 
2-6 
P to CP 


~National 
~ 
semiconductor 


54F/7 4F402 Serial Data Polynomial 
Generator /Checker 


General Description 


The 
'F402 
expandable 
Serial 
Data 
Polynomial 
generator/ 
checker 
is an expandable 
version 
of the 'F401. 
It provides 
an advanced 
tool for the implementation 
of the most widely 
used error 
detection 
scheme 
in serial 
digital 
handling 
sys- 
tems. A 4-bit control 
input selects 
one-of-six 
generator 
poly- 
nomials. 
The 
list 
of 
polynomials 
includes 
CRC-16, 
CRC- 


CCITT and Ethernet@, 
as well as three other 
standard 
poly- 
nomials 
(56th order, 48th order, 32nd order). 
Individual 
clear 
and 
preset 
inputs 
are 
provided 
for floppy 
disk 
and 
other 
applications. 
The 
Error 
output 
indicates 
whether 
or not a 
transmission 
error 
has 
occurred. 
The 
CWG 
Control 
input 
inhibits 
feedback 
during 
check 
word 
transmission. 
The 


'F402 
is compatible 
with 
FAST@ devices 
and with 
all TTL 
families. 


Features 


• 
Guaranteed 
30 MHz data rate 


• 
Six selectable 
polynomials 


• 
Other 
polynomials 
available 


• 
Separate 
preset 
and clear controls 


• 
Expandable 
• 
Automatic 
right justification 


• 
Error output 
open 
collector 


• 
Typical 
applications: 


Floppy 
and other 
disk storage 
systems 
Digital cassette 
and cartridge 
systems 
Data communication 
systems 


• 
Available 
in SOIC, (300 mil only) 


Connection 
Diagrams 


Pin Assignment 
Pin Assignment 
for DIP, SOIC and Flatpak 
for LCC 


RfB CWG NC 
0 
t.4R 


CP 
1 
16 
Vcc 
[[]m[§][[][I] 
p 
2 
15 
50 


t.4R 
3 
14 
51 
5EI [[] 
mp 


0 
4 
13 
52 
GNO !j]] 
[l]cp 


CWG 
5 
12 
53 
NC [j] 
[j]NC 


ER 1!11 
~VCC 


RrB 
6 
11 
°/CW 
RO Ij]J 
IiID 50 
5EI 
7 
10 
RO 


GNO 
8 
9 
ER 
~1IID[j]J[Z][j]J 


0/CW 
53 NC ~ 
51 


TL/F/9535-1 


TLIF/9535-2 


Ordering Code: 
See Section 
5 


Logic Symbol 


• 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/I'L 
HIGH/LOW 
Output 
IOH/IOL 


So-53 
Polynomial 
5elect 
Inputs 
1.0/0.67 
20 I'-Al-0.4 mA 


CWG 
Check Word Generate 
Input 
1.0/0.67 
20 I'-Al-0.4 mA 


D/CW 
Serial Data/Check 
Word 
285(100)/13.3(6.7) 
-5.7 
mA(-2 
mA)/8 
mA (4 mAl 
0 
Data Input 
1.0/0.67 
20 I'-Al-0.4 mA 


ER 
Error Output 
'/26.7(13.3) 
'/16 
mA (8 mAl 


RO 
Register 
Output 
285(100)/13.3(6.7) 
-5.7 
mA(-2 
mA)/8 
mA (4 mAl 


CP 
Clock Pulse 
1.0/0.67 
20 I'-A/- 
0.4 mA 


SEI 
Serial Expansion 
Input 
1.0/0.67 
20 I'-A/-O.4 
mA 


RFB 
Register 
Feedback 
1.0/0.67 
20 I'-A/-O.4 
mA 


MR 
Master 
Reset 
1.0/0.67 
20 I'-A/-O.4 
mA 
P 
Preset 
1.0/0.67 
20 I'-Al-O.4 mA 


Functional Description 


The 'F402 
Serial 
Data Polynomial 
Generator/Checker 
is an 
expandable 
16-bit programmable 
device 
which 
operates 
on 
serial 
data 
streams 
and 
provides 
a means 
of 
detecting 
transmission 
errors. Cyclic encoding 
and decoding 
schemes 
for error detection 
are based on polynomial 
manipulation 
in 
modulo 
arithmetic. 
For encoding, 
the data stream 
(message 
polynomial) 
is divided 
by a selected 
polynomial. 
This divi- 
sion results 
in a remainder 
(or residue) which is appended 
to 
the 
message 
as 
check 
bits. 
For 
error 
checking, 
the 
bit 
stream 
containing 
both data and check 
bits is divided 
by the 
same selected 
polynomial. 
If there are no detectable 
errors, 
this division 
results 
in a zero remainder. 
Although 
it is possi- 
ble to choose 
many generating 
polynomials 
of a given 
de- 
gree, standards 
exist that specify 
a small number 
of useful 
polynomials. 
The 'F402 implements 
the polynomials 
listed in 
Table 
I by applying 
the appropriate 
logic levels to the select 
pins So, S" 
S2 and 53. 


The 'F402 consists 
of a 16-bit register, 
a Read Only Memory 
(ROM) 
and 
associated 
control 
circuitry 
as 
shown 
in the 
Block 
Diagram. 
The polynomial 
control 
code 
presented 
at 
inputs 
So, 5" 
S2 and S3 is decoded 
by the ROM, selecting 
the desired 
polynomial 
or part of a polynomial 
by establish- 


ing shift 
mode 
operation 
on the register 
with 
Exclusive 
OR 
(XOR) 
gates 
at appropriate 
inputs. 
To generate 
the check 
bits, the data stream 
is entered 
via the Data Inputs 
(D), us- 
ing the LOW-to-HIGH 
transition 
of the Clock Input (CP). This 
data is gated with the most significant 
Register 
Output 
(RO) 
via the 
Register 
Feedback 
Input 
(RFB), 
and 
controls 
the 


XOR gates. The Check Word Generate 
(CWG) must be held 
HIGH while the data is being entered. 
After the last data bit 
is entered, 
the CWG is brought 
LOW and the check 
bits are 
shifted 
out of the register(s) 
and appended 
to the data bits 
(no ex1ernal gating 
is needed). 


To check 
an incoming 
message 
for errors, 
both 
the 
data 
and 
check 
bits 
are entered 
through 
the 
0 
Input 
with 
the 


CWG Input held HIGH. The Error Output 
becomes 
valid af- 
ter the last check 
bit has been entered 
into the 'F402 
by a 
LOW-to-HIGH 
transition 
of CP, with 
the 
exception 
of the 
Ethernet 
polynomial 
(see Applications 
paragraph). 
If no de- 
tectable 
errors 
have occurred 
during the data transmission, 


the resultant 
internal 
register 
bits are all LOW and the Error 
Output 
(ER) is HIGH. If a detectable 
error has occurred, 
ER 
is LOW. ER remains 
valid until the nex1 LOW-to-HIGH 
tran- 
sition of CP or until the device 
has been preset 
or reset. 


A HIGH 
on the 
Master 
Reset 
Input 
(MR) 
asynchronously 
clears 
the 
entire 
register. 
A LOW 
on the 
Preset 
Input 
(P) 
asynchronously 
sets 
the entire 
register 
with the 
exception 
of: 


1 The 
Ethernet 
residue 
selection, 
in which 
the 
registers 
containing 
the non-zero 
residue 
are cleared; 


2 The 56th order polynomial, 
in which the 8 least significant 
register 
bits 
of the 
least 
significant 
device 
are cleared; 


and, 


3 Register 
S = 0, in which 
all bits are cleared. 


TABLE I 


Hex 
5electCode 
Polynomial 
Remarks 
53 
52 
51 
50 


0 
L 
L 
L 
L 
0 
8=0 


C 
H 
H 
L 
L 
X32+ X26+ X23+X22+ X16+ 
Ethernet 


D 
H 
H 
L 
H 
X12+ X11+ X10+ X8+ X7+ X5+ X4+ X2+ X+ 1 
Polynomial 


E 
H 
H 
H 
L 
X32+ X31+ X27+ X26+ X25+ X19+ X16+ 
Ethernet 
F 
H 
H 
H 
H 
X15+ X13+ X12+ X11+ X9+ X7+ X6+ X5+ X4+ X2+ X+ 1 
Residue 


7 
L 
H 
H 
H 
X16+ X15+ X2+ 1 
CRC-16 


8 
H 
L 
H 
H 
X16+X12+X5+1 
CRC-CCID 


3 
L 
L 
H 
H 
X56+ X55+ X49+ X45+ X41+ 
2 
L 
L 
H 
L 
X39+ X38+ X37+ X36+ X31+ 
56th 
4 
L 
H 
L 
L 
X22+ X19+ X17+ X16+ X15+ X14+ X12+ X11+ X9+ 
Order 
8 
H 
L 
L 
L 
X5+X+l 


5 
L 
H 
L 
H 
X48+ X36+ X35+ 


9 
H 
L 
L 
H 
X23+X21+ 
48th 
Order 
1 
L 
L 
L 
H 
X15+ X13+ X8+ X2+ 1 


6 
L 
H 
H 
L 
X32+ X23+ X21+ 
32nd 
A 
H 
L 
H 
L 
X11+X2+1 
Order 


Block Diagram 
- 
So 


Polynomial - 
SI 
Select 
_ 
S2 
ROM 
- 
S3 


Preset 
b 


CONfOl 


Master Reset 


MR P 
Oata- 
D 
D/CW I-- 
Oata/Checkword 
Checkword 
_ 
CWG 
Gene",te 
16 BIT REGISTER 
Register Feedback 
- 
RFB 


Serial 
Input - 
SEI 
RO I-- 
Register Output 
CP 


Clock 
1 


ERROR 
ER 
ERROR 
DETECTOR 


TLIF/9535-5 


• 


Select 
Code 
P3 
P2 
Pl 
Po 
C2 
Cl 
Co 
Polynomial 


0 
0 
0 
0 
0 
1 
0 
0 
S=O 


C 
1 
1 
1 
1 
1 
0 
1 
Ethernet 
0 
1 
1 
1 
1 
1 
0 
1 
Polynomial 


E 
0 
0 
0 
0 
0 
0 
0 
Ethernet 


F 
0 
0 
0 
0 
0 
1 
0 
Residue 


7 
1 
1 
1 
1 
1 
0 
0 
CRC-16 


B 
1 
1 
1 
1 
1 
0 
0 
CRC-CCITT 


3 
1 
1 
1 
1 
1 
0 
0 


2 
1 
1 
1 
1 
1 
0 
0 
56th 


4 
1 
1 
1 
1 
1 
0 
0 
Order 


8 
0 
0 
1 
1 
1 
0 
0 


5 
1 
1 
1 
1 
1 
0 
0 
48th 
9 
1 
1 
1 
1 
1 
0 
0 
Order 
1 
1 
1 
1 
1 
1 
0 
0 


6 
1 
1 
1 
1 
1 
0 
0 
32nd 


A 
1 
1 
1 
1 
1 
0 
0 
Order 


Applications 


In addition 
to polynomial 
selection 
there 
are four other 
ca- 
pabilities 
provided 
for in the 'F402 
ROM. The first is set or 


clear 
selectability. 
The 
sixteen 
internal 
registers 
have 
the 
capability 
to 
be either 
set 
or cleared 
when 
j5 is brought 
LOW. This set or clear capability 
is done in four groups 
of 4 
(see Table 
II, PO-P3)' 
The second 
ROM capability 
(Co) is in 
determining 
the polarity 
of the check 
word. 
As is the case 
with the Ethernet 
polynomial 
the check 
word can be invert- 
ed when it is appended 
to the data stream 
or as is the case 
with the other 
polynomials, 
the residue 
is appended 
with no 
inversion. 
Thirdly, 
the ROM contains 
a bit (Cl) which is used 
to select 
the RFB input 
instead 
of the SEI input to be fed 
into the LSB. This is used when 
the polynomial 
selected 
is 
actually 
a 
residue 
(least 
significant) 
stored 
in the 
ROM 
which 
indicates 
whether 
the selected 
location 
is a polynomi- 
al or a residue. 
If the latter, then it inhibits 
the RFB input. 


As mentioned 
previously, 
upon a successful 
data transmis- 
sion, the CRC register 
has a zero residue. 
There 
is an ex- 


ception 
to this, however, 
with respect 
to the Ethernet 
poly- 
nomial. 
This 
polynomial, 
upon 
a successful 
data 
transmis- 
sion, has a non-zero 
residue 
in the CRC register 
(C7 04 DO 
7B),6. 
In order 
to provide 
a no-error 
indication, 
two 
ROM 
locations 
have been 
preloaded 
with the residue 
so that by 
selecting 
these 
locations 
and clocking 
the device 
one addi- 
tional 
time, 
after 
the 
last check 
bit has been 
entered, 
will 
result in zeroing 
the CRC register. 
In this manner 
a no-error 
indication 
is achieved. 


With the present 
mix of polynomials, 
the largest 
is 56th or- 
der requiring 
four 
devices 
while 
the smallest 
is 16th order 
requiring 
just 
one 
device. 
In order 
to accommodate 
multi- 
plexing 
between 
high order 
polynomials 
(X 16th order) 
and 
lower order 
polynomials, 
a location 
of all zeros 
is provided. 


This 
allows 
the 
user 
to choose 
a lower 
order 
polynomial 
even if the system 
is configured 
for a higher order one. 


The 
'F402 
expandable 
CRC generator 
checker 
contains 
6 
popular 
CRC 
polynomials, 
2-16th 
Order, 
2-32nd 
Order, 
1- 
48th 
Order 
and 
1-56th 
Order. 
The 
application 
diagram 
shows 
the 
'F402 
connected 
for a 56th Order 
polynomial. 


Also 
shown 
are the 
input 
patterns 
for 
other 
polynomials. 


When 
the 
'F402 
is used 
with a gated 
clock, 
disabling 
the 
clock 
in a HIGH 
state 
will 
ensure 
no erroneous 
clocking 
occurs 
when the clock is re-enabled. 
Preset and Master 
Re- 
set are asynchronous 
inputs 
presetting 
the register 
to S or 
clearing 
to 1s respectively 
(note 
Ethernet 
residue 
and 56th 


Order select 
code 8, LSB, are exceptions 
to this). 


To generate 
a CRC, the pattern 
for the selected 
polynomial 
is applied 
to the S inputs, the register 
is preset or cleared 
as 
required, 
clock 
is enabled, 
CWG is set HIGH, data is applied 
to 0 input, output 
data is on O/CW. 
When 
the last data bit 
has 
been 
entered, 
CWG 
is set 
LOW 
and 
the 
register 
is 
clocked 
for n bits (where 
n is the order 
of the polynomial). 


The 
clock 
may 
now 
be stopped 
if desired 
(holding 
CWG 
LOW and clocking 
the register 
will output 
zeros from O/CW 
after the residue 
has been shifted 
out). 


To check 
a CRC, the pattern 
for the selected 
polynomial 
is 
applied 
to the S inputs, 
the register 
is preset 
or cleared 
as 
required, 
clock 
is enabled, 
CWG 
is set 
HIGH, 
the 
data 
stream 
including 
the CRC is applied 
to 0 input. 
When 
the 
last 
bit of the 
CRC 
has 
been 
entered, 
the 
ER output 
is 
checked: 
HIGH = error 
free data, 
LOW = corrupt 
data. 
The 
clock 
may now be stopped 
if desired. 


To implement 
polynomials 
of lower 
order 
than 
56th, select 
the number 
of packages 
required 
for the order of polynomial 
and apply 
the pattern 
for the selected 
polynomial 
to the S 
inputs 
(0000 
on S inputs 
disables 
the 
package 
from 
the 
feedback 
chain). 


Data/CRC 
Serial Data 


Clock 


4K7 
~ I r- 


Error Output 
Serial Data Out 


ER 00 
RO 
1 
1 
So 
CWG 
SI 
1 
0 


o 
'F402 
S2 
0 
1 


CP 
S3 
a 
0 


MR 
P 
SEI 
RFB 


l~L 


ER 
RO 
So 
a 
1 


CWG 
SI 
1 
0 


o 
H02 
S2 
a 
0 


CP 
S3 
0 
1 
MR 
P 
SEI 
RFB 


l~L 


ER 
RO 
So 
0 
1 


CWG 
S1 
0 
0 
0 
H02 
S2 
1 
0 
CP 
S3 
0 
0 
MR 
P 
SEI 
RFB 


---, 
~L 


ER 
RO 
So 
0 
0 
CWG 
SI 
0 
0 


o 
'F402 
S2 
0 
0 
- 
CP 
S3 
1 
0 
MR 
P 
I 
SEI 
RFB 


~ 
L- 


n 


56th Order 
48th Order 
32nd Order 
~nnri 


Eth~r~:~net 
Residue 
r 
CRC-16 
.-CRC-CCITT 
o 
0 
0 
1 
1 
1 0 
1 
1 
1 
1 
1 
1 
1 
0 
o 
1 
1 
0 
1 


o 
1 
0 
0 
1 0 
0 
0 
o 
1 
0 
0 
1 
1 
0 
0 


o 
0 
0 
0 
0 
o 
0 
0 
0 
0 
o 
0 
0 
0 
0 
o 
0 
0 
0 
0 


o 
0 
000 
o 
0 
000 
o 
000 
0 
o 
0 
0 
0 
0 
Zero Register 
n~lalize Register 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+700C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
-55·C 
to + 175·C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 


TRI-STATE<8l Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 


in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.4 
10H = -2 
mA (RO, D/CW) 


Voltage 
74F 10% Vcc 
2.4 
V 
Min 
10H = -5.7 
mA (RO, D/CW) 


74F5% 
Vcc 
2.7 
10H = - 5.7 mA (RO, D/CW) 


VOL 
Output 
LOW 
54F 10% Vcc 
0.4 
10L = 4 mA (D/CW, 
RO) 


Voltage 
54F 10% Vcc 
0.4 
V 
Min 
10L = 8 mA (ER) 


74F 10% Vcc 
0.5 
10L = 16 mA (ER) 


74F 10% Vcc 
0.5 
10L = 8 mA (D/CW, 
RO) 


IIH 
Input HIGH Current 
54F 
20.0 
",A 
Max 
VIN = 2.7V 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
",A 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
",A 
Max 
Your = Vcc 
Leakage 
Current 
74F 
50 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.9 ",A 
Test 
All Other Pins Grounded 


10D 
Output 
Leakage 
74F 
3.75 
",A 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.4 
mA 
Max 
VIN = 0.5V 


10S 
Output Short·Circuit 
Current 
-20 
-130 
mA 
Max 
Your = OV (D/CW, 
RO) 


10HC 
Open Collector, 
Output 
250 
",A 
Min 
Your = Vcc (ER) 
OFF Leakage 
Test 


Icc 
Power Supply Current 
110 
165 
mA 
Max 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
54F 
74F 


TA = +25'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
CL = 50pF 
CL = 50 pF 
Units 
No. 


eL = 50pF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


fmax 
Maximum 
Clock Frequency 
30 
45 
30 
30 
MHz 
2-1 


tpLH 
Propagation 
Delay 
8.5 
15.0 
19.0 
7.5 
26.5 
7.5 
21.0 
2-3 
ns 
tPHL 
CPtoD/CW 
10.5 
18.0 
23.0 
9.5 
26.5 
9.5 
25.0 


tpLH 
Propagation 
Delay 
8.0 
13.5 
17.0 
7.0 
26.0 
7.0 
19.0 
2-3 
tpHL 
CPtoRO 
8.0 
14.0 
18.0 
7.0 
22.5 
7.0 
20.0 
ns 


tpLH 
Propagation 
Delay 
15.5 
26.0 
33.0 
14.0 
38.5 
14.0 
35.0 
2-3 
CPtoER 
8.5 
14.5 
18.5 
7.5 
23.5 
7.5 
20.5 
ns 
tpHL 


tpLH 
Propagation 
Delay 
11.0 
18.5 
23.5 
10.0 
31.0 
10.0 
25.5 
2-3 
ns 
tpHL 
Pto 
D/CW 
11.5 
19.5 
24.5 
10.5 
32.0 
10.5 
26.5 


tpLH 
Propagation 
Delay 
9.5 
16.0 
20.5 
8.5 
31.5 
8.5 
22.5 
ns 
2-3 
Pto 
RO 


tpLH 
Propagation 
Delay 
10.0 
17.0 
21.5 
9.0 
26.0 
9.0 
23.5 
ns 
2-3 
P to ER 


tpLH 
Propagation 
Delay 
10.5 
18.0 
23.0 
9.5 
29.0 
9.5 
25.5 
2-3 
tpHL 
MRtoD/CW 
11.0 
19.0 
24.0 
10.0 
28.5 
10.0 
26.0 
ns 


tpHL 
Propagation 
Delay 
9.0 
15.5 
19.5 
8.0 
23.5 
8.0 
21.5 
ns 
2-3 
MRtoRO 


tpLH 
Propagation 
Delay 
16.5 
28.0 
35.5 
14.5 
39.0 
14.5 
37.5 
ns 
2-3 
MRtoER 


tpLH 
Propagation 
Delay 
6.0 
10.5 
13.5 
5.0 
19.5 
5.0 
15.0 


tpHL 
DtoD/CW 
7.5 
12.0 
16.0 
6.5 
20.0 
6.5 
18.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
6.5 
11.0 
14.0 
5.5 
21.5 
5.5 
15.5 


tpHL 
CWGto 
D/CW 
7.0 
12.0 
15.5 
6.0 
21.5 
6.0 
17.5 
ns 
2-3 


tpLH 
Propagation 
Delay 
11.5 
19.5 
24.5 
9.0 
29.0 
10.5 
26.5 


tpHL 
Snto 
D/CW 
9.5 
16.0 
20.0 
8.5 
25.0 
8.5 
22.0 
ns 
2-3 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
54F 
74F 


Symbol 
Parameter 
TA = +25°C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +5.0V 
No. 


Mln 
Max 
Mln 
Max 
Min 
Max 


ts(H) 
Setup Time, HIGH or LOW 
4.5 
6.0 
5.0 


ts(L) 
SEI toCP 
4.5 
6.0 
5.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
0 
1.0 
0 


th(L) 
SEltoCP 
0 
1.0 
0 


ts(H) 
Setup Time, HIGH or LOW 
11.0 
14.0 
12.5 


ts(L) 
RFBtoCP 
11.0 
14.0 
12.5 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
0 
0 
0 


th(L) 
RFBtoCP 
0 
0 
0 


ts(H) 
Setup Time, HIGH or LOW 
13.5 
16.0 
15.0 


ts(L) 
S1 toCP 
13.0 
15.5 
14.5 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
0 
0 
0 


th(L) 
S1 toCP 
0 
0 
0 


ts(H) 
Setup Time, HIGH or LOW 
9.0 
11.5 
10.0 


ts(L) 
DtoCP 
9.0 
11.5 
10.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
0 
0 
0 


th(L) 
DtoCP 
0 
0 
0 


ts(H) 
Setup Time, HIGH or LOW 
7.0 
9.0 
8.0 


ts(L) 
CWGto 
CP 
5.5 
8.0 
6.5 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
0 
0 
0 


th(L) 
CWGtoCP 
0 
0 
0 


tw(H) 
Clock Pulse Width 
4.0 
7.0 
4.5 
2-4 
tw(L) 
HIGH or LOW 
4.0 
5.0 
4.5 
ns 


tw(H) 
MR Pulse Width, 
HIGH 
4.0 
7.0 
4.5 
ns 
2-4 


tw(L) 
P Pulse Width, 
LOW 
4.0 
5.0 
4.5 
ns 
2-4 


tree 
Recovery 
Time 
3.0 
4.0 
3.5 
MRtoCP 
ns 
2-6 
tree 
Recovery 
Time 
5.0 
6.5 
6.0 
PtoCP 


~National 
~ 
semiconductor 


54F/74F403A 
First-In First-Out (FIFO) Buffer Memory 


General Description 


The 'F403A 
is an expandable 
fall-through 
type 
high-speed 
First-In 
First-Out 
(FIFO) 
Buffer 
Memory 
optimized 
for high- 


speed 
disk 
or tape 
controllers 
and 
communication 
buffer 
applications. 
It is organized 
as 16-words 
by 4-bits 
and may 
be expanded 
to any number 
of words 
or any number 
of bits 


in multiples 
of four. Data may be entered 
or ex1racted 
asyn- 
chronously 
in serial 
or parallel, 
allowing 
economical 
imple- 
mentation 
of buffer 
memories. 


The 'F403A 
has TRI-STATE'!> 
outputs 
which 
prOVide added 
versatility 
and is fully compatible 
with all TIL 
families. 


Features 


• 
Serial 
or parallel 
input 


• 
Serial 
or parallel 
output 


• 
Expandable 
without 
external 
logic 


• 
TRI-STATE 
outputs 


• 
Fully compatible 
with all TIL 
families 


• 
Slim 24-pin 
package 


• 
9403A 
replacement 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


Ordering Code: 
See Section 
5 


Connection 
Diagrams 


Pin Assignment 
Pin Assignment 
for DIP and SOIC 
for PCC 


IES CPSI Os 
NC 
03 
O2 
01 


iRF 
1 
24 
Vcc 
fIjJlIQ][I] 
[I] [I] [I] [[I 
PL 
2 
23 
ORE 


DO 
3 
22 
Os 


01 
4 
21 
°0 
ns[j1) 
[I] Do 


O2 
5 
20 
0, 
iiRlTIJ 
m PL 


03 
6 
19 
°2 
GNO lEI 
[II 
IRF 


Os 
7 
18 
°3 
GNO ~ 
m Vcc 


CPSI 
8 
17 
DE 
TOP ~ 
~ 
Vcc 


iES 
9 
16 
CPSO 
TOS IIZJ 
Illl ORE 
ITS 
10 
15 
OES 
OES [j]] 
~ 
Os 
~ 
11 
14 
TOS 


GNO 
12 
13 
TOP 
1liI~~§~~~ 
TL/F/9536-2 
CPSO OE 
03 
NC 
02 
01 
00 


TLIF/9536-3 
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M~ 
Logic Symbol 


54F/74F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 


HIGH/LOW 
Output 
IOH/IOL 


00-03 
Parallel Data Inputs 
1.0/0.667 
20 ",A/400 
",A 
Os 
Serial Data Input 
1.0/0.667 
20 ",Al400 ",A 


PL 
Parallel Load Input 
1.0/0.667 
20 ",Al400 ",A 


CPSI 
Serial Input Clock 
1.0/0.667 
20 ",A/400 
",A 


IES 
Serial Input Enable 
1.0/0.667 
20 ",Al400 ",A 


TIS 
Transfer 
to Stack Input 
1.0/0.667 
20 ",Al400 ",A 


OES 
Serial Output 
Enable 
1.0/0.667 
20 ",A/400 
",A 


TOS 
Transfer 
Out Serial 
1.0/0.667 
20 ",Al400 ",A 


TOP 
Transfer 
Out Parallel 
1.0/0.667 
20 ",Al400 ",A 


MR 
Master 
Reset 
1.0/0.667 
20 ",A/400 
",A 


OE 
Output Enable 
1.0/0.667 
20 ",Al400 ",A 


CPSO 
Serial Output Clock 
1.0/0.667 
20 ",Al400 ",A 
00-03 
Parallel Data Outputs 
285/26.7 
5.7 mA/16 
mA 
Os 
Serial Data Output 
285/26.7 
5.7 mAl16 mA 


IRF 
Input Register 
Full 
20/13.3 
-400 
",Al8 mA 


ORE 
Output 
Register 
Empty 
20/13.3 
-400 ",Al8 mA 


OES 
TOP 


TOS 


CPSO 


Functional Description 


As shown 
in the block diagram 
the 'F403A 
consists 
of three 
sections: 


1. An Input 
Register 
with 
parallel 
and serial 
data 
inputs 
as 
well as control 
inputs 
and outputs 
for input handshaking 
and expansion. 


2. A 4-bit 
wide, 
14-word 
deep 
fall-through 
stack 
with 
self- 
contained 
control 
logic. 


3. An Output 
Register 
with parallel 
and serial 
data 
outputs 
as well 
as control 
inputs 
and 
outputs 
for output 
hand- 
shaking 
and expansion. 


Since 
these 
three 
sections 
operate 
asynchronously 
and al- 
most 
independently, 
they 
will be described 
separately 
be- 
low. 


INPUT 
REGISTER 
(DATA 
ENTRY) 


The Input Register 
can receive 
data in either 
bit-serial 
or in 
4-bit parallel 
form. It stores this data until it is sent to the fall- 
through 
stack and generates 
the necessary 
status and con- 
trol signals. 


Figure 
1 is a conceptual 
logic diagram 
of the input section. 


As described 
later, this 5-bit register 
is initialized 
by setting 


the F3 flip-flop 
and resetting 
the other flip-flops. 
The Q out- 
put of the last flip-flop 
(FC) is brought 
out as the 'Input 
Reg- 
ister Full' output 
(IRF). After initialization 
this output 
is HIGH. 


Parallel Entry-A 
HIGH on the PL input loads 
the 00-03 
inputs into the Fo-F3 
flip-flops 
and sets the FC flip-flop. 
This 
forces 
the IRF output 
LOW indicating 
that the input register 
is full. During parallel 
entry, the CPSI input must be LOW. If 
parallel 
expansion 
is not being 
implemented, 
IES must 
be 
LOW to establish 
row mastership 
(see Expansion 
section). 


Serial 
Entry-Data 
on the Os input is serially 
entered 
into 
the F3' F2' F1' Fo, FC shift register 
on each 
HIGH-to-LOW 
transition 
of the CPSI clock 
input, provided 
IES and PL are 
LOW. 


After the fourth 
clock 
transition, 
the four data bits are locat- 


ed in the four flip-flops, 
Fo-F3' 
The FC flip-flop 
is set, forc- 


ing the IRF output 
LOW and internally 
inhibiting 
CPSI clock 
pulses 
from 
affecting 
the 
register, 
Figure 2 illustrates 
the 
final 
positions 
in a 'F403A 
resulting 
from 
a 54-bit 
serial 
bit 
train. 80 is the first bit, 863 the last bit. 


• 
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Functional Description 
(Continued) 


I 03 


FIGURE 
1. Conceptual 
Input 
Section 


through' 
action. 
If the 
top 
location 
of the 
stack 
is empty, 


data is loaded 
into the stack 
and the input register 
is re-ini- 
tialized. 
Note that this initialization 
is postponed 
until PL is 
LOW 
again. 
Thus, 
automatic 
FIFO 
action 
is achieved 
by 
connecting 
the IRF output 
to the TIS 
input. 


An RS Flip-Flop 
(the Request 
Initialization 
Flip-Flop 
shown 
in Figure 
10) in the 
control 
section 
records 
the 
fact 
that 
data has been transferred 
to the stack. This prevents 
multi- 
ple entry 
of the same word 
into the stack 
despite 
the fact 
the IRF and TIS 
may still be LOW. The Request 
Initializa- 
tion Flip-Flop 
is not cleared 
until PL goes LOW. Once in the 
stack, 
data 
falls 
through 
the 
stack 
automatically, 
pausing 
only when it is necessary 
to wait for an empty 
next location. 


In the 
'F403A 
as in most 
modern 
FIFO 
designs, 
the 
MR 
input only initializes 
the stack 
control 
section 
and does 
not 
clear the data. 


OUTPUT 
REGISTER 
(DATA 
EXTRACTION) 


The Output 
Register 
receives 
4-bit data words 
from the bot- 
tom 
stack 
location, 
stores 
it and 
outputs 
data 
on a TRI- 


STATE 4-bit parallel 
data bus or on a TRI-STATE 
serial data 
bus. The output 
section 
generates 
and receives 
the neces- 
sary 
status 
and 
control 
signals. 
Figure 
3 is a conceptual 
logic diagram 
of the output 
section. 


TL/F/9536-6 


FIGURE 
2. Final Positions 
in a 'F403A 
Resulting 
from 
a 
64·Bit 
Serial 
Train 


Transfer 
to 
the 
Stack-The 
outputs 
of Flip-Flops 
Fo-F3 


feed the stack. A LOW level on the TIS 
input initiates 
a 'fall- 


Functional Description 
(Continued) 
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Parallel 
Data Extraction-When 
the FIFO is empty after a 
LOW 
pulse 
is applied 
to MR, 
the 
Output 
Register 
Empty 
(ORE) output 
is LOW. After 
data has been entered 
into the 
FIFO and has fallen 
through 
to the bottom 
stack 
location, 
it 
is transferred 
into the Output 
Register 
provided 
the 'Trans- 
fer Out Parallel' 
(TOP) input is HIGH. As a result of the data 
transfer 
ORE goes 
HIGH, 
indicating 
valid data on the data 
outputs 
(provided 
the TRI-STATE 
buffer 
is enabled). 
TOP 
can 
now 
be used 
to clock 
out the 
next word. 
When 
TOP 
goes LOW, ORE will go LOW indicating 
that the output 
data 
has been extracted, 
but the data itself remains 
on the output 
bus until the next HIGH level at TOP permits 
the transfer 
of 
the next word 
(if available) 
into the Output 
Register. 
During 
parallel 
data extraction 
CPSO should 
be LOW. TOS should 
be grounded 
for single 
slice operation 
or connected 
to the 
appropriate 
ORE 
for 
expanded 
operation 
(see 
Expansion 
section). 


TOP 
is not edge 
triggered. 
Therefore, 
if TOP 
goes 
HIGH 
before 
data 
is available 
from 
the stack, 
but data 
does 
be- 
come 
available 
before 
TOP goes 
LOW again, that data will 
be transferred 
into the 
Output 
Register. 
However, 
internal 


control 
circuitry 
prevents 
the same 
data from 
being 
trans- 
ferred 
twice. 
If TOP goes HIGH and returns 
to LOW before 
data is available 
from the stack, 
ORE remains 
LOW indicat- 
ing that there 
is no valid data at the outputs. 


Serial 
Data 
Extraction-When 
the 
FIFO 
is empty 
after 
a 
LOW 
pulse 
is applied 
to MR, 
the 
Output 
Register 
Empty 
(ORE) output 
is LOW. After 
data has been entered 
into the 
FIFO and has fallen through 
to the bottom 
stack 
location, 
it 
is transferred 
into the Output 
Register 
provided 
TOS is LOW 
and TOP is HIGH. As a result of the data transfer 
ORE goes 
HIGH 
indicating 
valid 
data 
in the register. 
The TRI-STATE 
Serial 
Data Output, as, is automatically 
enabled 
and puts 
the first data bit on the output 
bus. Data is serially 
shifted 
out on the 
HIGH-to-LOW 
transition 
of CPSO. 
To 
prevent 
false 
shifting, 
CPSO should 
be LOW when 
the new word 
is 
being loaded 
into the Output 
Register. 
The fourth 
transition 
empties 
the shift register, 
forces 
ORE output 
LOW and dis- 
ables 
the 
serial 
output, as (refer 
to Figure 
3). 
For serial 
operation 
the 
ORE 
output 
may be tied 
to the 
TOS 
input, 
requesting 
a new word from the stack as soon as the previ- 
ous one has been shifted 
out. 
• 


Functional Description 
(Continued) 


EXPANSION 


Vertical 
Expansion-The 
'F403A 
may 
be 
vertically 
ex- 
panded 
to store 
more words 
without 
external 
parts. The in- 
terconnection 
is necessary 
to form a 46-word 
by 4-bit FIFO 
are shown 
in Figure 4. Using the same technique, 
and FIFO 


of (15n + 1)-words 
by 4-bits can be constructed, 
where 
n is 
the number 
of devices. 
Note that expansion 
does not sacri- 
fice 
any of the 
'F403A's 
flexibility 
for 
serial/parallel 
input 
and output. 


PARALLEL DATA IN 
PARALLEL i 
i 
LOAD 
03 D2 0, Do 


L 
P~ :s 
D3 D2 D, Do 
ITS 
IES 
CPSI 
OES 
r-< 
TOS 
•••• 
TOP 


CPSO 
OE 


MR 


I I 


l.( 
ITS 
PL Os 03 D2 D1 Do 


IES 
CPSI 
OES 
--< TOS 
•.••• TOP 


CPSO 
OE 


MR 


I I 


l.( 
ITS 
PL Ds D3 D2 0, Do 


IES 
CPSI 
OES 
r< TOS 
TOP 
CPSO 
OE 


MR 
°3°2 0, 00 Os 
I 


DUMP 
SERIAL OUTPUT CLOCK 
OUTPUT ENABLE 


SERIAL 


DATA 
OUTPUT 


PARALLEL 
DATA 
OUT 


FIGURE 
4. A Vertical 
Expansion 
Scheme 


Functional Description 
(Continued) 


Horizontal 
and 
Vertical 
Expansion-The 
'F403A 
can be 
expanded 
in both the horizontal 
and vertical 
directions 
with- 
out 
any 
external 
parts 
and 
without 
sacrificing 
any 
of 
its 
FIFO's 
flexibility 
for serial/parallel 
input and output. 
The in- 
terconnections 
necessary 
to form a 31-word 
by 16-bit FIFO 
are shown 
in Figure 6. Using the same technique, 
any FIFO 
of (15m + 1)-words 
by (4n)-bits 
can be constructed, 
where 
m is the number 
of devices 
in a column 
and n is the number 
of devices 
in a row. Figures 
7 and 8 show 
the timing 
dia- 
grams for serial data entry and extraction 
for the 31-word 
by 
16·bit 
FIFO 
shown 
in Figure 
6. The 
final 
position 
of data 
after 
serial 
insertion 
of 
496 
bits 
into 
the 
FIFO 
array 
of 
Figure 
6 is shown 
in Figure 
9. 


Interlocking 
Circuitry-Most 
conventional 
FIFO 
designs 
provide 
status signals 
analogous 
to IRF and ORE. However, 
when these devices 
are operated 
in arrays, variations 
in unit 
to unit operating 
speed 
require 
external 
gating to assure 
all 
devices 
have completed 
an operation. 
The 'F403A 
incorpo- 
rates simple but effective 
'master/slave' 
interlocking 
circuit- 
ry to eliminate 
the need for external 
gating. 


In the 'F403A 
array of Figure 
6 devices 
1 and 5 are defined 
as 'row 
masters' 
and the 
other 
devices 
are slaves 
to the 
master 
in their row. No slave in a given row will initialize 
its 
Input 
Register 
until 
it has received 
LOW 
on its IES input 
from a row master 
or a slave of higher priority. 


In a similar 
fashion, 
the ORE outputs 
of slaves 
will not go 
HIGH until their OES inputs have gone HIGH. This interlock- 


ing scheme 
ensures 
that 
new input data 
may be accepted 
by the array when 
the IRF output 
of the final 
slave 
in that 
row goes 
HIGH and that output 
data for the array 
may be 
extracted 
when the ORE of the final slave in the output 
row 
goes HIGH. 


The row master 
is established 
by connecting 
its IES input to 
ground 
while 
a slave 
receives 
its IES input 
from 
the 
IRF 
output 
of the next higher 
priority 
device. 
When 
an array of 
'F403A 
FIFOs is initialized 
with a LOW on the MR inputs of 
all devices, 
the 
IRF outputs 
of all devices 
will 
be HIGH. 
Thus, only the row master 
receives 
a LOW on the IES input 
during 
initialization. 
Figure 
10 is a conceptual 
logic diagram 
of the internal 
circuitry which determines 
master/slave 
oper- 
ation. Whenever 
MR and IES are LOW, the Master 
Latch is 
set. 
Whenever 
TIS 
goes 
LOW 
the 
Request 
Initialization 
Flip-Flop 
will be set. If the Master 
Latch 
is HIGH, the Input 
Register 
will be immediately 
initialized 
and the Request 
Ini- 
tialization 
Flip-Flop 
reset. 
If the 
Master 
Latch 
is reset, 
the 
Input Register 
is not initialized 
until IES goes LOW. In array 
operation, 
activating 
the TIS 
initiates 
a ripple input register 
initialization 
from the row master 
to the last slave. 


A similar operation 
takes place for the output 
register. 
Either 
a TOS 
or TOP 
input 
initiates 
a load-from-stack 
operation 
and sets the ORE Request 
Flip-Flop. 
If the Master 
Latch 
is 
set, the last Output 
Register 
Flip-Flop 
is set and ORE goes 
HIGH. 
If the Master 
Latch 
is reset, the ORE output 
will be 
LOW until an OES input is received. 


•.•••------- 
PARALLEL DATA INPUT ---------_1 


01, 0'0 
09 Os 


~Ds 
03020, 
DO 
ri~Os 
03020, 
DO 
ri~Os 
030201 
DO 


IES 
IRF 
IES 
IRF 
IES 
IRFo- 


~ 
CPSI 
~'~' 


I(: 
CPSI 
OES 
'F403A 
OES 
'F403A 
~ 
OES 
'F403A 
r-<: TOS 
r-<: TOS 
---c TOS 
-TOP 
- 
TOP 
- 
TOP 
DATA 
r< CPSO 
OREP. 
r< CPSO 
OREP- 
-e 
CPSO 
ORE 0< 
-+ 
OE 
OE 
OE 
READY 


t.lR0302O,000s 
t.lR03 °2°,°0 OS 
t.lR0302 
01 Does 


OUt.lP 


CPSO 
or 


°7°6 Os 04 
PARALLEL DATA OUTPUT 
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Functional Description 
(Continued) 


SERIAL 
DATA INPUT 


j j 


PARALLEL 
LOA.D 


INPUT 
CLOCK 
I 
I 
I 


~ 
Os 03020100 
~ 
Os 03020100 
~ 
Os 0,020, 
DO 
~ 
Os 0,02 
O,Do 
OK TO 
- 
IES 
IRF )0- 
IES 
IRF P-- 
IES 
IRFo-- 
IES 
IRF c>-l~ 
- 


CPSI 
, 
ORE )0- 
CPSI 
2 
OREP-- 
CPSI , 
ORE 0-- 


CPSI 
4 
ORE C>- 
DES 
'F403A 
DES 
'F40'A 
DES 
'F4D'A 
DES 
'F40'A 
TOS 
-< 
TOS 
--< 
TOS 
-< TOS 


TOP 
- 
TOP 
-TOP 
-TOP 
~ 


CPSO 
CPSO 
r<: CPSO 
CPSO 
DE 
DE 
fc DE 
DE 
"R 
°3°2°,°0°5 
"R 
0302 01 OoOs 
"R 
0,02o,oOoS 
"R 
°3°2°1°0°5 


Wi< 
'( 
NC 
'( 
NC 
'( 
NC 
'( 
NC 


r 
r 
r 
I 
I 
I 
I 
I 


~ 
ici Os °3°2°1°0 


~ 


~ 
Os 0,020, 
DO 


~~ 


~ 
Os O,Dz0, 
DO 


~~ 


~Os 
03020100 


I[S 
IRr - 
IES 
IRF 
1[$ 
IRf 
IES 
IRF C>- 


~ 


CPSI 
5 
~ 


CPSI 
6 
CP$I 
7 
CPSI 
8 
13-<-. 
DES 
'f 403... 
ORE 
DES 
1'403.4. 
ORE U ~5~"'403. 
ORE ~ 
~~~ 
H03. 
ORE 
--e 
TOS 
~ 


TOS 
DATA 


TOP 
TOP 
r--- 
TOP 
- 
TOP 
RLlOY 


~ 


CPSO 
~ 


CPSO 
~ 


CPSO 
~ 


CPSO 
DE 
DE 
DE 
DE 
"R 
°30201000S 
"R 
°3°2°1°0°5 
"R 
°3°2°1°0°5 
"R 
Q3QZQIQOQS 


Y 
I 
Y 
I 
Y 
I 
Y 
I 
I 


OUTPUT ENABLE 


OUTPUT 
CLOCK 
SERIAL 
DATA 
DU"P 
OUTPUT 


- 
Q15 QI4013012 
, 
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to-; 
:.- 


..... 
!_l 
, . 
, , , 
to"" 
.-- 


': 
-----:r- 
, 
" 
, 
" 
I --., 
I.-tO 
, 
,.;:1 
--------,-- 


I 
'; 
: -: :-to 
, . 
LJ 


DEVICE ,@ ALL DEV,CES 


iRF' 


, 
I 


to --.: 
:...- 


, 
---------------:... 
1 
, 


, 
I 
I 


tD~ 
;- 


, ','r- 
,:I 
, 
" 
I 
" 
I-I 
j.....-to 


I 
,.::1 
------- ..,-- 


ORE 


SER,AL DATA OUTPUT 
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Functional Description 
(Continued) 


SERIAL 


INPUT 


fe 


(SEE 
fiGURE 
1) 
a 


S 
Q 
REQUEST 


INTlALIZATION 


fLIP-fLOP 


R 


S 
Q 


ORE-REQUEST 


fLIP-fLOP 


R 


rx 


(SEE 
fiGURE 
Z) 
ii 


LOAD OUTPUT (DERIVED fROW TOP AND ros) 
REGISTrR 


TOP 
ros 


OES 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
-65'C 
to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+ 4.5V to + 5.5V 


Vee 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-O.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vee 
= OV) 
Standard 
Output 
-0.5VtoVee 
TRI-STATE 
Output 
- 0.5V to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


V,H 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


V,L 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VeD 
Input Clamp Diode Voltage 
-1.5 
V 
Min 
I'N = -18mA 


VOH 
Output 
HIGH 
54F 10% Vee 
2.4 
10H = -400 
I'-A (IRF, ORE) 


Voltage 
54F 10% Vee 
2.4 
10H = - 2.0 mA (an, as) 


74F 10% Vee 
2.5 
V 
Min 
10H = -400 
I'-A (IRF, ORE) 


74F 10% Vee 
2.5 
10H = -5.7 
mA (an, as) 


74F 5% Vee 
2.7 
10H = -400 
I'-A (IRF, ORE) 


74F5% 
Vee 
2.7 
10H = -5.7 
mA (an, as) 


VOL 
Output 
LOW 
54F 10% Vee 
0.4 
10L = 4 mA (IRF, ORE) 


Voltage 
54F 10% Vee 
0.4 
V 
Min 
10L = 8 mA (an, as) 


74F 10% Vee 
0.5 
10L = 8 mA (IRF, ORE) 


74F 10% Vee 
0.5 
IOL = 16 mA (an, as) 


I'H 
Input HIGH Current 
20 
I'-A 
Max 
VIN = 2.7V 


ISVI 
Input HIGH Current 
100 
I'-A 
Max 
VIN = 7.0V 
Breakdown 
Test 


I'L 
Input LOW Current 
-0.4 
mA 
Max 
V,N = 0.5V 


10lH 
Output 
Leakage 
Current 
50 
I'-A 
Max 
VOUT = 2.7V 


lOlL 
Output 
Leakage 
Current 
-50 
I'-A 
Max 
VOUT = 0.5V 


los 
Output 
Short-Circuit 
Current 
-20 
-130 
mA 
Max 
VOUT = OV 


leEX 
Output 
HIGH Leakage 
Current 
250 
I'-A 
Max 
VOUT = Vee 


leeL 
Power Supply Current 
170 
mA 
Max 
Vo = LOW 
• 


AC Electrical Characteristics 
'- , 
~- 


74F 
S4F 
74F 


TA = +2S 


OC 
TA. Vcc 
= Mil 
TA. Vcc 
= Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Cl 
= SOpF 
Cl 
= 50 pF 
Units 
No. 
Cl 
= SOpF 


Min 
Max 
Min 
Max 
Min 
Max 


tpHL 
Propagation 
Delay, 


Negative-Going 
7.5 
14.0 
7.0 
15.0 


CPSI to IRF Output 
ns 
403·a,b 


tpLH 
Propagation 
Delay, 


Negative-Going 
11.0 
20.5 
10.0 
22.5 


nStolRF 


tpLH 
Propagation 
Delay, 
8.5 
17.0 
7.5 
18.5 


tPHL 
Negative-Going 
8.0 
14.5 
7.0 
15.5 
ns 
403-c, d 


CPSO to Os Output 


tpLH 
Propagation 
Delay, 
10.0 
18.0 
9.0 
20.0 


tpHL 
Positive-Going 
8.5 
15.5 
8.0 
16.5 
ns 
403-e 


TOP to Outputs 00-03 


tpHL 
Propagation 
Delay, 


Negative-Going 
9.5 
17.5 
9.0 
19.0 
ns 
403-c, d 


CPSOtoORE 


tpHL 
Propagation 
Delay, 


Negative-Going 
8.0 
15.0 
7.5 
16.5 


TOP to ORE 
403-8 
ns 
tpLH 
Propagation 
Delay, 


Positive-Going 
12.5 
22.0 
11.5 
25.0 
TOP to ORE 


tpLH 
Propagation 
Delay, 


Negative-Going 
12.5 
22.0 
11.0 
25.0 
ns 
403-c, d 
TOS to Positive Going ORE 


tpHL 
Propagation 
Delay, 


Positive-Going 
7.0 
13.0 
6.5 
14.0 
PL to Negative-Going 
IRF 
ns 
403-g, h 
tpLH 
Propagation 
Delay, 


Negative-Going 
9.5 
17.0 
8.5 
19.5 
PL to Positive-Going 
IRF 


AC Electrical Characteristics 
(Continued) 


74F 
54F 
74F 


TA = +25°C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc 
= +5.0V 
Cl = 50 pF 
Cl = 50pF 
Units 
No. 
Cl = 50 pF 


Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay, 


Positive·Going 
10.0 
18.0 
9.0 
20.5 
ns 


OES to ORE 


tpLH 
Propagation 
Delay, 


Positive-Going 
8.5 
15.5 
7.5 
17.5 
ns 
403-h 


IES to Positive-Going 
IRF 


tpLH 
Propagation 
Delay, 
8.0 
15.0 
7.5 
17.0 
ns 
MR to IRF 


tpHL 
Propagation 
Delay, 
9.0 
16.0 
8.0 
17.5 
ns 
MRtoORE 


tpZH 
Propagation 
Delay, 
2.5 
6.5 
2.0 
8.0 


tpZL 
OE to Qo, Q1, Q2, Q3 
2.5 
7.5 
2.0 
8.5 
ns 
tpHZ 
Propagation 
Delay, 
2.5 
6.5 
2.0 
8.0 


tpLZ 
OE to Qo, Q1, Q2, Q3 
2.5 
7.5 
2.0 
8.0 


tpZH 
Propagation 
Delay, 
5.5 
12.0 
5.0 
15.0 


tpZL 
Negative-Going 
5.5 
14.0 
5.0 
15.0 


OESto 
Qs 


ns 
tpHZ 
Propagation 
Delay, 
5.5 
12.0 
5.0 
14.0 


tpLZ 
Negative-Going 
5.5 
14.5 
5.0 
16.0 
OESto 
Qs 


tpZH 
Turn On Time 
8.5 
21.0 
8.0 
24.0 


tpZL 
TOSto 
Qs 
8.5 
20.0 
8.0 
21.0 
ns 


tDFT 
Fall Through 
Time 
45.0 
80.0 
35.0 
95.0 
ns 
403·{ 


tAP 
Parallel Appearance 
Time, 
-10.0 
-1.0 
-10.0 
-1.0 
ORE to QO-Q3 


ns 
tAS 
Serial Appearance 
Time, 
-10.0 
2.0 
-10.0 
2.0 
ORE to QS 
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AC Operating Requirements 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S 


oC 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Min 
Max 
Min 
Max 
Min 
Max 


ts(H) 
Set-up Time HIGH or LOW 
1.0 
1.0 


ts(L) 
Os to Negative 
CPSI 
1.0 
1.0 
403-a, b 
ns 
th(H) 
Hold Time, HIGH or LOW 
3.5 
3.5 


th(L) 
°stoCPSI 
3.5 
3.5 


ts(L) 
Set-up Time, LOW 
403-a, b, 
TIStolRF 
0 
0 
ns 
g,h 
Serial or Parallel Mode 


ts(L) 
Set-up Time, LOW 


Negative-Going 
ORE to 
0 
0 
ns 
403-c, d 


Negative-Going 
TOS 


ts(L) 
Set-up Time, LOW 
3.0 
4.0 
ns 
403-b 
Negative-Going 
IES to CPSI 


ts(L) 
Set· up Time, LOW 
14.0 
15.5 
ns 
403-b 
Negative-Going 
TTS to CPSI 


ts(H) 
Set-up Time, HIGH or LOW 
0 
0 


ts(L) 
Parallel 
Inputs to PL 
0 
0 
ns 
th(H) 
Hold Time, HIGH or LOW 
2.0 
2.5 


th(L) 
Parallel Inputs to PL 
2.0 
2.5 


tw(H) 
CPSI Pulse Width 
5.0 
6.0 
403-a, b 
tw(L) 
HIGH or LOW 
3.0 
5.0 
ns 


tw(H) 
PL Pulse Width, HIGH 
4.0 
5.0 
ns 
403-g, h 


tw(L) 
TIS 
Pulse Width, 
LOW 
3.5 
4.0 
403-a, b, 


Serial or Parallel Mode 
ns 
c, d 


tw(L) 
MR Pulse Width, 
LOW 
3.5 
4.0 
ns 
403-' 


tw(H) 
TOP Pulse Width 
4.5 
5.5 


tw(L) 
HIGH or LOW 
3.5 
4.0 
ns 
403-e 


tw(H) 
CPSO Pulse Width 
4.5 
5.5 


tw(L) 
HIGH or LOW 
3.0 
4.0 
ns 
403-c, d 


tree 
Recovery 
Time 
5.0 
5.5 
403-' 
MR to Any Input 
ns 


Conditions: 
slack not full, IES, PL LOW 
FIGURE 
403-a. Serial Input, Unexpanded 
or Master 
Operation 


Conditions: 
stack not full, IES HIGH when in~iated, PL LOW 
FIGURE 
403-b. Serial Input, Expanded 
Slave Operation 


Conditions: 
data in slack, TOP HIGH, IES LOW when initiated, (5Eg LOW 
FIGURE 
403-c. Serial Output, 
Unexpanded 
or Master 
Operation 
III 


c:( 
C')~ 
Timing Waveforms 
(Continued) 


OES 
1.5V 


CPSO 


Os 


ORE 


TOS 


TLiF/9536-18 


Conditions: 
data in stack. TOP HIGH, irS HIGH when initiated 
FIGURE 
403·d. 
Serial 
Output, 
Slave 
Operation 


tpLH 
tpHL ::1. 
00-03 
1_.5_v 
-J._ •....NEW--OU-TP-UT-- 


Conditions: iES LOW when initiated. ~, 
CPSO LOW; data available in stack 


FIGURE 
403-e. 
Parallel 
Output, 
4·81t Word 
or Master 
In Parallel 
Expansion 
~-t='=:}:~v 


PL 
-t- 


w-3--.. 
1_,5_V 
_ 


• 
--tOFT·---~r_ 


00-03 
~5V 


Conditions: TIS connected 
to IRF, Tml connected 
to mlE, iES, 0Eil, CE, CPSO LOW, TOP HIGH 
FIGURE 
403·f. 
Fall Through 
Time 


TIS 


(note 
2) 


Conditions: 
stack not full, IES LOW when inrtialized 
FIGURE 
403-g. 
Parallel 
Load 
Mode, 
4-81t Word 
(Unexpanded) 
or Master 
In Parallel 
Expansion 


Conditions: 
stack not full, device initialized (Note 1) with iES HIGH 


FIGURE 
403-h. 
Parallel 
Load, 
Slave 
Mode 


Note 
1: Initialization 
requires a master reset to occur after power has been applied. 


Nole 
2: m normally connected 
to IRF. 


Nole 
3: If stack is full, iRF will stay LOW. 
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54F/74F407 
Data Access Register 


General Description 


The 
'F407 
Data Access 
Register 
(OAR) 
performs 
memory 
address 
arithmetic 
for 
RAM 
resident 
stack 
applications. 
It 
contains 
three 
4-bit registers 
intended 
for Program 
Counter 
(Ro), Stack 
Pointer 
(R1), and 
Operand 
Address 
(R2)' The 


'F407 
implements 
16 instructions 
which 
allow either 
pre- or 
post-decrement/increment 
and 
register-to-register 
transfer 
in a single 
clock 
cycle. 
It is expandable 
in 4-bit increments 
and 
can 
operate 
at a 30 
MHz 
microinstruction 
rate 
on a 
16-bit word. The TRI-STATE@ 
outputs 
are provided 
for bus- 
oriented 
applications. 
The 'F407 
is fully compatible 
with all 
TTL families. 


Features 


• 
High-speed-greater 
than 
a 
30 
MHz 
microinstruction 
rate 


• 
Three 
4-bit registers 


• 
16 instructions 
for register 
manipulation 


• 
Two separate 
output 
ports, 
one transparent 


• 
Relative 
addressing 
capability 


• 
TRI-STATE 
Outputs 
• 
Optional 
pre- or post- arithmetic 


• 
Expandable 
in multiples 
of four bits 


• 
24-pin 
slim package 


• 
9407 
replacement 


Connection 
Diagrams 


Pin Assignment 
Pin Assignment 
for DIP, SOIC and Flatpak 
for LCC 


EX 
Xl 
Xo CP NC EOx13 12 
1 
24 
Vr;c 
[j]fj]Jrn lIDIII lIDrn 
10 
2 
23 
Ci 


I, 
3 
22 
EOo 
X2 [j] 
rn 11 
12 
4 
21 
50 
X3 [j]] 
mlo 
13 
5 
20 
°0 
GND~ 
mEX 
EOx 
6 
19 
°1 
NC~ 
mNC 


CP 
7 
18 
°1 
COII§J 
~VCC 


Xo 
8 
17 
°2 
°3 [j] 
IllICi 


X, 
9 
16 
°2 
°31I§J 
~ 
fOo 


X2 
10 
15 
03 
JIll JIll JIll JIll JIll JIll JIll. 


X3 
11 
14 
°3 
1I§J~~I1]~I~H§I 


GND 
12 
13 
co 
°2 O2°1Ne 01°0 Do 
TLiF/9537-2 


54F174F 


Pin Names 
Description 
U.L. 
Input 
I'H/I'L 
HIGH/LOW 
Output 
IOH/loL 


50-53 
Data Inputs (Active 
LOW) 
1.0/0.67 
20 }JoAl-O.4 mA 
10-13 
Instruction 
Word Inputs 
1.0/0.67 
20 }JoAl-O.4 mA 
Ci 
Carry Input (Active 
LOW) 
1.0/0.67 
20 }JoAl-O.4 mA 


CO 
Carry Output (Active 
LOW) 
20/13.3 
(0.67) 
0.4 mAl8 
mA (4 mAl 


CP 
Clock Input (L-H Edge-Triggered) 
1.0/0.67 
20 }JoAl-O.4 mA 


EX 
Execute 
Input (Active 
LOW) 
1.0/0.67 
20 }JoAl-O.4 mA 


EOx 
Address 
Output 
Enable 
Input (Active 
LOW) 
1.0/0.67 
20 }JoAl-0.4 mA 


EOo 
Data Output 
Enable Input (Active 
LOW) 
1.0/0.67 
20 }JoAl-O.4 mA 


XO-X3 
Address 
Outputs 
284 (100)/26.7 
(13.3) 
-5.7 
mA (2 mA)/16 
mA (8 mAl 
°0-°3 
Data Outputs 
(Active 
LOW) 
284 (100)/26.7 
(13.3) 
-5.7 
mA (2 mA)/16 
mA (8 mAl 


data 
bus (refer 
to the 
Block 
Diagram). 
The 
DAR performs 
sixteen 
instructions, 
selected 
by 10-13, as listed in the Func- 


tion Table. 


The 'F407 operates 
on a single clock. 
CP and EX are inputs 
to a 2-input, 
active 
LOW AND gate. For normal operation 
EX 


is brought 
LOW while CP is HIGH. A microcycle 
starts as the 


clock 
goes 
HIGH. 
Data 
inputs 
50-53 
are applied 
to the 
Adder 
as one of the operands. 
Three 
of the four instruction 
lines (11-12-13) select 
which 
of the three 
registers, 
if any, is 
to be used 
as the 
other 
operand. 
The 
LOW-to-HIGH 
CP 
transition 
writes 
the 
result 
from 
the 
Adder 
into 
a register 
(Ro-R2) 
and into the output 
register 
provided 
EX is LOW. If 


, -"VI 
I;> VI~a"I.Lt:u 
a;:t c:l Lt-Ull 
't:::YI~U:H :::illl,;e. 
I ne aClIve LUVV 
Ci and 
CO 
lines 
allow 
ripple-carry 
expansion 
over 
longer 
word lengths. 


In a typical 
application, 
the 
register 
utilization 
in the 
DAR 
may be as follows: 
Ro is the Program 
Counter 
(PC), Rl 
is 
the Stack 
Pointer 
(SP) for memory 
resident 
stacks 
and R2 
contains 
the operand 
address. 
For an instruction 
Fetch, 
PC 
can 
be gated 
on the 
X-Bus 
while 
it is being 
incremented 
(i.e., D-Bus = 1). If the fetched 
instruction 
calls for an effec- 


tive address 
for execution, 
which 
is displaced 
from the PC, 
the displacement 
can be added 
to the PC and loaded 
into 
R2 during 
the next microcycle. 


Function 
Table 


Instruction 
Combinatorial 
Function 
Sequential 
Function 
Occurring 


13 
12 
11 
10 
Available 
on the X-Bus 
on the Next Rising CP Edge 


L 
L 
L 
L 
Ro 
Ro Plus D Plus CI ~ 
Ro and O-Register 
L 
L 
L 
H 
Ro Plus D Plus CI 


L 
L 
H 
L 
Ro 
L 
L 
H 
H 
Ro Plus D Plus CI 
Ro Plus D Plus CI ~ 
Rl and O-Register 


L 
H 
L 
L 
Ro 
Ro Plus D Plus CI ~ 
R2 and O-Register 
L 
H 
L 
H 
Ro Plus D Plus CI 


L 
H 
H 
L 
Rl 
L 
H 
H 
H 
Rl Plus D Plus CI 
Rl Plus D Plus CI ~ 
Rl and O-Register 


H 
L 
L 
L 
R2 


H 
L 
L 
H 
D PlusCI 
D PlusCI ~ 
R2 and O-Register 


H 
L 
H 
L 
Ro 
H 
L 
H 
H 
D PlusCI 
D PlusCI ~ 
Ro and O-Register 


H 
H 
L 
L 
R2 
H 
H 
L 
H 
R2 Plus D Plus CI 
R2 Plus D Plus CI ~ 
R2 and O-Register 


H 
H 
H 
L 
Rl 
H 
H 
H 
H 
D PlusCI 
D Plus CI ~ 
Rl and O-Register 


H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 


• 
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Please note that this diagram is provided only for the understanding 
of logic operations and should not be used to estimate propagation 
delays. 


l1.5V 
---- ~::~~j------- 


} 
1.5 V 
------- ------- 


\PLH 
--------\P-HLk 
1.5 V 
----------------- 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to +5.5V 


Ground 
Pin 
-0.5V 
to +7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc 
= 
OV) 
Standard 
Output 
-0.5VtoVcc 


TRI-STATE 
Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Note 
2: Either 
voltage 
limit or current 
limit 
is sufficient 
to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.5 
V 
Min 
IIN=-18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.4 
10H = 
- 0.4 mA (CO) 


Voltage 
54F 10% Vcc 
2.4 
10H = 
-2 
mA (XO-X3.°0-(3) 


74F 10% Vcc 
2.4 
V 
Min 
10H = 
-0.4 
mA (CO) 


74F 10% Vcc 
2.4 
10H = 
-5.7 
mA (XO-X3.°0-(3) 


74F 5% Vcc 
2.4 
10H = 
-0.4 
mA (CO) 


74F5% 
Vcc 
2.7 
10H = 
-5.7 
mA (XO-X3.°0-(3) 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
10L = 4 mA (CO) 


Voltage 
54F 10% Vcc 
0.5 
V 
Min 
10L = 8 mA (XO-X3.°0-(3) 


74F 10% Vcc 
0.5 
10L = 8 mA (CO) 


74F 10% Vcc 
0.5 
10L = 
16 mA (XO-X3.°0-(3) 


IIH 
Input HIGH 
54F 
20.0 
IJ-A 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
IJ-A 
Max 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
IJ-A 
Max 
VOUT = Vcc 


Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 
1.91J-A 


Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
IJ-A 
0.0 
VIOO = 
150mV 


Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.4 
mA 
Max 
VIN = 0.5V 


10ZH 
Output 
Leakage 
Current 
50 
IJ-A 
Max 
VOUT = 2.7V (XO-X3.°0-(3) 


10ZL 
Output 
Leakage 
Current 
-50 
IJ-A 
Max 
VOUT = 0.5V (XO-X3.°0-(3) 


105 
Output Short-Circuit 
Current 
-30 
-100 
mA 
Max 
VOUT = OV 


Icc 
Power Supply Current 
90 
145 
mA 
Max 


AC Electrical Characteristics 


74F 
54F 
74F 


TA = +25°C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 


Symbol 
Parameter 
Vcc = +5.0V 
CL = 50pF 
CL = 50 pF 
Units 
No. 
CL = 50pF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
8.0 
12.0 
21.0 
7.0 
24.0 
7.0 
25.0 
407-c 
CP to On (Note 1) 
5.0 
4.0 
15.0 
15.0 
ns 
tpHL 
7.5 
13.0 
4.0 


tpLH 
Propagation 
Delay, 10LOW 
9.0 
13.0 
18.0 
7.5 
21.0 
8.0 
20.0 
407-a 
ns 
tpHL 
11-13 to XO-X3 
9.5 
14.0 
20.5 
8.0 
25.0 
8.5 
22.0 


tpLH 
Propagation 
Delay, 10HIGH 
16.5 
23.5 
33.0 
8.5 
50.0 
14.5 
36.0 
407-a 
ns 
tpHL 
11-13 to XO-X3 
11.0 
17.0 
25.0 
6.5 
35.0 
10.0 
27.0 


tpLH 
Propagation 
Delay, 10LOW 
9.0 
13.5 
21.0 
7.0 
24.0 
8.0 
22.5 
407-b 
ns 
tpHL 
CPtoXn 
11.5 
18.0 
24.0 
8.5 
28.0 
10.5 
26.0 


tpLH 
Propagation 
Delay, 10HIGH 
18.0 
26.5 
35.0 
16.0 
43.0 
16.0 
37.0 
407-b 
ns 
tpHL 
CPtoXn 
12.5 
20.0 
28.5 
11.5 
36.5 
11.5 
31.0 


tpLH 
Propagation 
Delay 
10.5 
15.0 
23.0 
6.5 
29.0 
9.5 
25.0 
407-d 
On to Xn 
6.0 
14.0 
3.0 
20.5 
15.5 
ns 
tpHL 
9.0 
5.0 


tpLH 
Propagation 
Delay 
7.0 
10.5 
16.0 
4.0 
22.0 
6.0 
17.5 
407-e 
tpHL 
CltoXn 
5.5 
9.0 
12.0 
4.5 
14.0 
4.5 
13.5 
ns 


tpLH 
Propagation 
Delay 
4.5 
9.0 
11.5 
4.0 
14.5 
4.0 
13.0 


tpHL 
10toXn 
4.5 
10.0 
14.0 
3.0 
19.5 
4.0 
15.5 
ns 
407-b 


tpLH 
Propagation 
Delay 
11.0 
19.0 
24.0 
9.0 
33.0 
11.0 
26.0 


tpHL 
CP to CO 
11.5 
18.5 
27.0 
6.5 
38.0 
11.5 
29.0 
ns 
407-a 


tpLH 
Propagation 
Delay 
3.5 
5.5 
8.5 
3.0 
11.0 
3.0 
9.5 


tpHL 
BtoCO 
4.5 
7.0 
12.0 
3.0 
10.0 
4.0 
13.0 
ns 
407-e 


tpLH 
Propagation 
Delay 
3.5 
5.5 
9.0 
3.0 
10.0 
3.0 
9.5 


tpHL 
On to CO 
4.0 
6.5 
11.0 
3.5 
10.0 
3.5 
12.0 
ns 
407-d 


tpLH 
Propagation 
Delay 
10.0 
15.0 
22.0 
8.0 
23.0 
9.0 
23.5 


tpHL 
11-13toCO 
11.0 
16.0 
23.0 
6.0 
32.5 
10.0 
25.0 
ns 
407-a 


tpZH 
Enable Time 
7.0 
10.0 
14.5 
4.5 
26.0 
5.5 
17.0 


tpZL 
EOo to On or EOx to Xn 
6.0 
9.0 
15.0 
3.5 
16.0 
5.5 
16.5 
ns 


tpHZ 
Disable Time 
1.5 
4.0 
7.0 
2.0 
9.0 
1.5 
8.0 


tpLZ 
EOo to On or EOx to Xn 
5.0 
10.0 
14.0 
5.0 
18.0 
4.0 
15.5 
ns 


Note 1: The internal clock is generated from CP and EX. The internal Clock is HIGH 
jf EX or CP is HIGH, lOW 
if EX and CP are LOW. 


• 


-- 
Cl - 
50pF 
Cl - 
50 pF 


HI 
11.0:» -No. 
Cl = 50pF 


Mln 
Typ 
Max 
Min 
Max 
Min 
Max 


tcw 
Clock Period 
32.0 
26.0 
36.0 
36.0 
ns 


ts(H) 
Setup Time, HIGH or LOW 
4.0 
4.5 
4.5 


ts(L) 
11-13 to Negative-Going 
CP 
4.0 
4.5 
4.5 
407-c 
ns 
th(H) 
Hold Time, HIGH or LOW 
0 
0 
0 


th(L) 
11-13 to Positive-Going 
CP 
0 
0 
0 


ts(H) 
Setup Time, HIGH or LOW 
16.5 
18.5 
18.5 


ts(L) 
5nor C1 to Negative-Going 
CP 
16.5 
18.5 
18.5 


th(H) 
Hold Time, HIGH or LOW 
0 
0 
0 
ns 
407-c 


th(L) 
5norB 
to 
0 
0 
0 


Negative-Going 
Clock 


ts(H) 
Setup Time, HIGH or LOW 
13.0 
14.5 
14.5 


ts(L) 
B to Positive-Going 
CP 
13.0 
14.5 
14.5 
ns 
407-c 
th(H) 
Hold Time, HIGH or LOW 
0 
0 
0 


th(L) 
B to Positive-Going 
CP 
0 
0 
0 


tw(H) 
Clock Pulse Width 
7.5 
8.5 
8.5 


tw(L) 
HIGH or LOW 
7.5 
8.5 
8.5 
ns 
407-c 


~National 
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semiconductor 


54F/74F410 
Register Stack-16 
x 4 RAM 
TRI-STATE® Output Register 


General Description 


The 
'F410 
is a register-oriented 
high-speed 
64-bit 
Read/ 


Write 
Memory 
organized 
as 16-words 
by 4-bits. 
An edge- 
triggered 
4-bit 
output 
register 
allows 
new input data 
to be 
written 
while 
previous 
data is held. TRI-STATE 
outputs 
are 


provided 
for maximum 
versatility. 
The 'F41 0 is fully compati- 
ble with all TTL families. 


Features 


• 
Edge-triggered 
output 
register 


• 
Typical 
access 
time of 35 ns 


• 
TRI-STATE 
outputs 


• 
Optimized 
for register 
stack 
operation 


• 
18-pin package 


• 
9410 replacement 


Pin Assignment 
for DIP and Flatpak 
Pin Assignment 
for LCC 


CP 
cs 
18 
Vcc 


Ao 
WE 
17 
DO 


Ao 
16 
°0 


A, 
4 
15 
0, 


A2 
14 
°1 


A3 
13 
O2 


CP 
12 
°2 
OE 
11 
03 


TL/F/953B-3 
ONO 
10 
°3 


CPA3He~A, 
[!] 1I][!lrn 0 


OEmDm 


Ao 


ONO [QJ 
m WE 
031TIJ 
III cs 


031IlJ 
@Vcc 


02 ~ 
IIIDOo 


~@1i§]1!ZJ1IID 


D:z 01 He 0, 00 


54F/74F 


Pin Names 
Description 
U.L. 
Input 
IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


Ao-A3 
Address 
Inputs 
1.0/1.0 
20 fLAI- 
0.6 mA 


00-03 
Data Inputs 
1.0/1.0 
20 fLAI- 
0.6 mA 
CS 
Chip Select 
Input (Active 
LOW) 
1.0/2.0 
20 fLAI-1.2 
mA 
OE 
Output Enable 
Input (Active 
LOW) 
1.0/1.0 
20 fLAI-0.6 
mA 
WE 
Write Enable 
Input (Active 
LOW) 
1.0/1.0 
20 fLAI-0.6 
mA 
CP 
Clock Input (Outputs 
Change 
on 


LOW-to-HIGH 
Transition) 
1.0/2.0 
20 fLAI-1.2 
mA 


00-03 
TRI-STATE 
Outputs 
150/40 
(33.3) 
-3 
mAl24 mA (20 mAl 
• 


Functional Description 
Write 
Operation-When 
the three control 
inputs, Write En- 
able (WE), Chip Select 
(CS), and Clock 
(CP), are LOW the 
information 
on the data 
inputs 
(Do-D3) 
is written 
into the 
memory 
location 
selected 
by the address 
inputs (Ao-A3). 
If 
the input data changes 
while WE, CS, and CP are LOW, the 
contents 
of 
the 
selected 
memory 
location 
follow 
these 
changes, 
provided 
setup and hold time criteria 
are met. 


Ao 


A1 
ADDRESS 
16 
RAt.l 
DECODE 
A2 


A3 


Read Operation-Whenever 
CS is LOW and CP goes from 
LOW-to-HIGH, 
the contents 
of the memory 
location 
select- 
ed by the 
address 
inputs 
(Ao-A3) 
are edge-triggered 
into 
the Output 
Register. 


The 
(OE) 
input 
controls 
the 
output 
buffers. 
When 
OE 
is 
HIGH the four outputs 
(00-03) 
are in a high impedance 
or 
OFF state; when OE is LOW, the outputs 
are determined 
by 
the state of the Output 
Register. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55"C to + 125"C 
Storage 
Temperature 
- 65"C to + 150"C 
Commercial 
O"Cto 
+70"C 


Ambient 
Temperature 
under Bias 
- 55"C to + 125"C 
Supply Voltage 
Junction 
Temperature 
under Bias 
- 55"C to + 175"C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 


in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcC 
TR I-STATE Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful Irta impaired. Functional operation under 
these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
54F 10% Vcc 
2.4 
10H = -3mA 


74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 10% Vcc 
2.4 
10H = -3mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 
Voltage 
74F 10% Vcc 
0.5 
'OL = 24mA 


IIH 
Input HIGH 
54F 
20.0 
J.'A 
Max 
VIN = 2.7V 
Current 
74F 
5.0 
1 


IBVI 
Input HIGH Current 
54F 
100 
J.'A 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
J.'A 
Leakage 
Current 
74F 
50 
Max 
VOUT = Vcc 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.9J.'A 
Test 
All Other Pins Grounded 


10D 
Output 
Leakage 
74F 
3.75 
J.'A 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V (An. On. OE. WE) 


-1.2 
VIN = 0.5V (CS. CP) 


10ZH 
Output 
Leakage 
Current 
50 
J.'A 
Max 
VOUT = 2.7V 


lOlL 
Output 
Leakage 
Current 
-50 
J.'A 
Max 
VOUT = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


III 
Bus Drainage 
Test 
500 
J.'A 
O.OV 
VOUT = 5.25V 


DC Electrical Characteristics 
(Continued) 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


ICCH 
Power Supply Current 
47 
70 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
47 
70 
mA 
Max 
Vo = LOW 


Iccz 
Power Supply Current 
47 
70 
mA 
Max 
Vo = HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
54F 
74F 


TA = +25'C 
TA. Vcc 
= Mil 
TA. Vcc 
= Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
CL = 50pF 
CL = 50pF 
Units 
No. 


CL = 50 pF 


Mln 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
3.0 
8.5 
2.5 
11.0 
2.5 
9.5 
2-3 
ns 
tpHL 
CPtoO 
3.5 
9.0 
3.0 
12.0 
3.0 
10.0 


tpZH 
Enable Time 
3.0 
8.0 
2.5 
10.5 
2.5 
9.0 


tpZL 
OEtoO 
3.5 
9.0 
3.0 
13.0 
3.0 
10.0 
ns 
2-5 
tpHZ 
Disable Time 
2.5 
6.5 
2.0 
8.5 
2.0 
7.5 


tpLZ 
OEtoO 
2.5 
7.0 
2.0 
9.5 
2.0 
8.0 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
54F 
74F 


Symbol 
Parameter 
TA = +25'C 
TA. Vcc 
= Mil 
TA. Vcc 
= Com 
Units 
Fig. 


Vcc = +5.0V 
No. 


Min 
Max 
Min 
Max 
Min 
Max 


READ MODE 


ts(H) 
Setup Time. HIGH or LOW 
15.0 
23 
17.0 


ts(L) 
AntoCP 
15.0 
23 
17.0 
ns 
2-6 
th(H) 
Hold Time. HIGH or LOW 
0 
0 
0 


th(L) 
An toCP 
0 
0 
0 


WRITE 
MODE 


ts(H) 
Setup Time. HIGH or LOW 
0 
0 
0 


ts(L) 
AntoWE 
0 
0 
0 
ns 
2-6 
th(H) 
Hold Time. HIGH or LOW 
0 
0 
0 
th(L) 
An to WE 
0 
0 
0 


ts(H) 
Setup Time. HIGH or LOW 
5.0 
8.5 
6.0 
ts(L) 
Dn to WE 
5.0 
8.5 
6.0 
ns 
2-6 
th(H) 
Hold Time. HIGH or LOW 
0 
2.5 
0 
th(L) 
DntoWE 
0 
2.5 
0 


tw 
WE Pulse Width 
7.5 
9.5 
Required 
to Write 
8.5 
ns 
2-4 


tw 


CS Pulse Width 
7.5 
Required 
to Write 
9.5 
8.5 
ns 
2-4 


tw 
CP Pulse Width 
7.5 
Required 
to Write 
9.5 
8.5 
ns 
2-4 


Note: 
Military temperature 
range for this device 
is -40'C 
to + 85'C. 


'j 
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54F/74F412 
Multi-Mode Buffered Latch with TRI-STATE® Outputs 


General Description 


The 'F412 
is an 8-bit latch with TRI-STATE 
output 
buffers. 
Also 
included 
is a status 
flip-flop 
for providing 
device-busy 
or request-interrupt 
commands. 
Separate 
Mode and Select 
inputs 
allow 
data to be stored 
with the outputs 
enabled 
or 
disabled. 
The device 
can also operate 
in a fully transparent 
mode. 
The 
'F412 
is the functional 
equivalent 
of the 
Intel 
8212. 


Ordering Code: 
See Section 
5 


Logic Symbols 
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Features 


• 
TRI-STATE 
outputs 
• 
Status 
flip-flop 
for interrupt 
commands 


• 
Asynchronous 
or latched 
receiver 
modes 


• 
300 mil 24-pin 
slim package 


Connection 
Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


5, 
1 
2' 
Vet:. 


M 
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16 
O. 
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Pin Assignment 
for LCC 
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Pin Names 
Description 
U.L. 
Input IIHIIIL 


HIGH/LOW 
Output 
IOH/IOL 


00-07 
Latch Outputs 
150/40 
(33.3) 
-3 
mA/24 
mA (20 mAl 
00-07 
Data Inputs 
1.0/1.0 
20 J-LAI-0.6 
mA 


CLR 
Clear 
1.0/1.0 
20 J-LAI-0.6 
mA 


STB 
Strobe 
1.0/1.0 
20 J-LAI-0.6 
mA 


INT 
Interrupt 
50/33.3 
-1 
mAl20mA 


M 
Mode Control 
Input 
1.0/1.0 
20 J-LAI- 0.6 mA 
51,52 
Select 
Inputs 
1.011.0 
20 J-LA/- 0.6 mA 


Functional Description 


This 
high-performance 
eight-bit 
parallel 
expandable 
buffer 
register 
incorporates 
package 
and 
mode 
selection 
inputs 
and an edge-triggered 
status 
flip·flop 
designed 
specifically 
for 
implementing 
bus-organized 
input! output 
ports. 
The 
TRI-STATE 
data 
outputs 
can 
be connected 
to a common 
data 
bus and controlled 
from 
the appropriate 
select 
inputs 
to receive 
or transmit 
data. 
An integral 
status 
flip-flop 
pro- 


vides 
busy or request 
interrupt 
commands. 


The eight data latches 
are fully transparent 
when the inter- 
nal gate 
enable, 
G, input is HIGH and the outputs 
are en- 
abled. 
Latch 
transparency 
is selected 
by the mode 
control 
(M), select 
(51 and 52), and the 
strobe 
(STB) 
inputs 
and 
during 
transparency 
each 
data 
output 
(On) follows 
its reo 
spective 
data 
input 
(On)' This 
mode 
of operation 
can 
be 
terminated 
by clearing, 
de-selecting, 
or 
holding 
the 
data 
latches. 


An input mode 
or an output 
mode 
is selectable 
from the M 
input. In the input mode, 
M = L, the eight data latch inputs 
are enabled 
when 
the strobe 
is HIGH regardless 
of device 
selection. 
If selected 
during 
an input mode, 
the outputs 
will 
follow 
the data inputs. When the strobe 
input is taken 
LOW, 
the latches 
will store the most-recently 
setup 
data. 


In the output 
mode, 
M = H, the output 
buffers 
are enabled 
regardless 
of 
any 
other 
control 
input. 
During 
the 
output 
mode the content 
of the register 
is under control 
of the se· 
lect (51 and 52) inputs. 


Function 
CLR 
M 
51 
52 
5Ta 
Data In 
Data Out 


Clear 
L 
H 
H 
X 
X 
X 
L 


L 
L 
L 
H 
L 
X 
L 


De-Select 
X 
L 
X 
L 
X 
X 
Z 


X 
L 
H 
X 
X 
X 
Z 


Hold 
H 
H 
H 
L 
X 
X 
00 
H 
L 
L 
H 
L 
X 
00 


Data Bus 
H 
H 
L 
H 
X 
L 
L 


H 
H 
L 
H 
X 
H 
H 


Data Bus 
H 
L 
L 
H 
H 
L 
L 


H 
L 
L 
H 
H 
H 
H 


CLR 
51 
52 
5Ta 
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L 
H 
X 
X 
H 


L 
X 
L 
X 
H 


H 
X 
X 
.../ 
L 


H 
L 
H 
X 
L 


H ~ HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 
.../ 
~ 
LOW-la-HIGH 
Clock Transition 
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Please note that this diagram is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+4.5Vto 
+5.5V 


Vee 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 


in HIGH State 
(with Vee = OV) 
Standard 
Output 
-0.5VtoVee 
TRI-STATE 
Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these conditions 
is not implied. 


Note 
2: Either 
voltage 
limit or current 
limit 
is sufficient 
to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VeD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vee 
2.5 
10H = -1 
mA(lNT) 
Voltage 
54F 10% Vee 
2.4 
10H = -3 
mA (On) 
74F 10% Vee 
2.5 
V 
Min 
10H = -1 
mA (INT) 


74F 10% Vee 
2.4 
10H = -3 
mA (On) 
74F 5% Vee 
2.7 
10H = -1 
mA (INT) 
74F 5% Vee 
2.7 
10H = -3 
mA (On) 


VOL 
Output 
LOW 
54F 10% Vee 
0.5 
10L = 20 mA 
Voltage 
74F 10% Vee 
0.5 
V 
Min 
10L = 20 mA 
74F 10% Vee 
0.5 
10L = 24 mA 


IIH 
Input HIGH 
54F 
20.0 
IJ-A 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


lavi 
Input HIGH Current 
54F 
100 
IJ-A 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
IJ-A 
Max 
VOUT = VCC 


Leakage 
Current 
74F 
50 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.91J-A 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
IJ-A 
0.0 
VIOD = 150 mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10lH 
Output 
Leakage 
Current 
50 
IJ-A 
Max 
VOUT = 2.7V 


lOlL 
Output 
Leakage 
Current 
-50 
IJ-A 
Max 
VOUT = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


III 
Bus Drainage 
Test 
500 
IJ-A 
O.OV 
VOUT = 5.25V 


leCH 
Power Supply Current 
33 
50 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
40 
60 
mA 
Max 
Vo = LOW 


ICCl 
Power Supply Current 
40 
60 
mA 
Max 
Vo = HIGHZ 


AC Electrical Characteristics: 
See Section 2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S"C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Cl = SOpF 
Cl = 50 pF 
Units 
No. 
Cl = SOpF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
3.5 
6.5 
8.5 
3.0 
11.5 
3.0 
9.5 
2-3 
ns 
tpHL 
DntoOn 
2.5 
5.0 
6.5 
2.0 
8.5 
2.0 
7.5 


tpLH 
Propagation 
Delay 
8.5 
14.5 
18.5 
6.5 
23.0 
7.5 
20.5 
2-3 
51. S2 or STB to On 
7.5 
12.5 
16.0 
6.0 
19.0 
6.5 
17.5 
ns 
tpHL 


tpLH 
Propagation 
Delay 
4.5 
7.5 
9.5 
3.5 
12.0 
4.0 
10.5 
2-3 
51 or S2 to INT 
4.5 
8.0 
10.5 
3.5 
12.5 
11.5 
ns 
tpHL 
4.0 


tpHL 
Propagation 
Delay 
7.5 
12.5 
16.0 
5.5 
18.5 
6.5 
17.5 
ns 
2-3 
CLR to On 


tpHL 
Propagation 
Delay 
6.5 
11.0 
14.0 
5.5 
17.5 
5.5 
15.0 
ns 
2-3 
STBto 
INT 


tpZH 
Access 
Time. HIGH or LOW 
8.0 
12.5 
18.0 
6.5 
20.0 
7.0 
19.0 


tpZL 
51 to On 
6.5 
11.0 
14.0 
5.5 
18.0 
5.5 
15.0 
2-5 
ns 


tPHZ 
Disable Time, HIGH or LOW 
4.5 
8.0 
10.5 
4.0 
14.5 
4.0 
11.5 


tpLZ 
51 to On 
6.5 
11.0 
14.0 
5.5 
17.0 
5.5 
15.0 


tpZH 
Access 
Time, HIGH or LOW 
7.5 
12.5 
16.0 
6.5 
18.5 
6.5 
17.5 


tpZL 
S2toOn 
5.0 
9.0 
11.5 
4.0 
15.5 
4.5 
12.5 
ns 
2-5 


tpHZ 
Disable Time. HIGH or LOW 
4.5 
7.5 
9.5 
3.5 
12.5 
4.0 
10.5 


tPlZ 
S2toOn 
5.5 
9.5 
12.0 
4.5 
14.5 
4.5 
13.0 


tpZH 
Access 
Time. HIGH or LOW 
5.0 
8.5 
11.0 
4.5 
16.0 
4.5 
12.0 


tpZL 
MtoOn 
5.0 
8.5 
11.0 
4.0 
15.0 
4.5 
12.0 
ns 
2-5 


tpHZ 
Disable Time, HIGH or LOW 
4.0 
7.0 
9.0 
3.5 
11.5 
3.5 
10.0 


tpLZ 
MtoOn 
5.0 
8.5 
11.0 
4.5 
14.0 
4.5 
12.0 


AC Operating Requirements: 
See Section 2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S"C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Min 
Max 
Min 
Max 
Min 
Max 


ts(H) 
Setup Time. HIGH or LOW 
0 
2.0 
1.0 


ts(L) 
Dn to 51, S2 or STB 
0 
2.0 
1.0 
ns 
2-6 
th(H) 
Hold Time 
8.0 
10.0 
9.0 


th(L) 
Dn to 51. S2 or STB 
8.0 
10.0 
9.0 


tw(H) 
51. S2 orSTB 
8.0 
11.0 
9.0 
tw(L) 
Pulse Width. 
HIGH or LOW 
8.0 
11.0 
9.0 
ns 
2-4 


tw(L) 
CLR Pulse Width, 
LOW 
8.0 
11.5 
9.0 
ns 
2-4 


~National 
~ 
semiconductor 


54F/74F413 
64 X 4 First-In First-Out Buffer Memory with Parallel I/O 


General Description 


The 
'F413 
is an expandable 
fall-through 
type 
high-speed 
First-In 
First-Out 
(FIFO) 
buffer 
memory 
organized 
as 64 
words 
by four bits. The 4-bit input and output 
registers 
rec- 
ord and transmit, 
respectively, 
asynchronous 
data in parallel 
form. 
Control 
pins on the input and output 
allow 
for hand- 
shaking 
and 
expansion. 
The 
4-bit 
wide, 
62-bit 
deep 
fall- 
through 
stack 
has self-contained 
control 
logic. 


Features 


• 
Separate 
input and output 
clocks 


• 
Parallel 
input and output 


• 
Expandable 
without 
ex1ernal logic 


• 
15 MHz data rate 


• 
Supply 
current 
160 mA max 


• 
Available 
in SOIC. (300 mil only) 


Ordering Code: See Section 
5 


Logic Symbol 


Pin Assignment 
for DIP. SOIC and Flatpak 
Pin Assignment 
forlCC 
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Pin Names 
Description 
U.l. 
Input 
IIH/IIL 
HIGH/lOW 
Output 
IOH/IOL 


00-03 
Data Inputs 
1.0/0.667 
20 JLA/-OA 
mA 
00-03 
Data Outputs 
50/13.3 
-1 
mA/8mA 


IR 
Input Ready 
1.010.667 
20 JLA/-0.4 
mA 


SI 
Shift In 
1.010.667 
20 JLA/-OA 
mA 


SO 
Shift Out 
1.010.667 
20 JLA/-OA 
mA 


OR 
Output 
Ready 
1.010.667 
20 JLA/-OA 
mA 


MR 
Master 
Reset 
1.010.667 
20 JLA/-OA 
mA 


Functional Description 


Data Input-Data 
is entered 
into the 
FIFO 
on 00-03 in- 
puts. To enter 
data the Input 
Ready 
(IR) should 
be HIGH, 


indicating 
that the first location 
is ready to accept 
data. Data 
then 
present 
at the four data inputs 
is entered 
into the first 
location 
when the Shift In (SI) is brought 
HIGH. An SI HIGH 
signal 
causes 
the IR to go LOW. 
Data remains 
at the first 
location 
until SI is brought 
LOW. When 
SI is brought 
LOW 
and the FIFO is not full, IR will go HIGH, indicating 
that more 
room is available. 
Simultaneously, 
data will propagate 
to the 
second 
location 
and 
continue 
shifting 
until 
it reaches 
the 
output 
stage 
or a full location. 
If the memory 
is full, IR will 
remain 
LOW. 


Data Transfer-Gnce 
data is entered 
into the second 
cell, 


the 
transfer 
of any full 
cell 
to the 
adjacent 
(downstream) 
empty 
cell 
is automatic, 
activated 
by an on-chip 
control. 


Thus data will stack up at the end of the device while empty 
locations 
will "bubble" 
to the front. 
The tpT parameter 
de- 
fines the time required 
for the first data to travel 
from input 
to the output 
of a previously 
empty 
device. 


Data Output-Data 
is read from the 00-03 outputs. 
When 
data is shifted 
to the output 
stage, Output 
Ready (OR) goes 
HIGH, indicating 
the presence 
of valid data. When the OR is 
HIGH, data may be shifted 
out by bringing 
the Shift Out (SO) 
HIGH. A HIGH signal at SO causes the OR to go LOW. Valid 
data 
is maintained 
while 
the 
SO 
is HIGH. 
When 
SO 
is 
brought 
LOW, the upstream 
data, 
provided 
that 
stage 
has 
valid 
data, 
is shifted 
to the output 
stage. 
When 
new valid 
data 
is shifted 
to the output 
stage, 
OR goes 
HIGH. 
If the 
FIFO 
is emptied, 
OR stays 
LOW, 
and 00-03 remains 
as 
before, 
Le., data does not change 
if FIFO is empty. 


Input 
Ready 
and 
Output 
Ready 
may 
also 
be 
used 
as 
status 
signals 
indicating 
that the FIFO is completely 
full (In- 
put Ready stays 
LOW for at least tpT) or completely 
empty 
(Output 
Ready 
stays LOW for at least tpT). 


L.....t 
---oJ 
so 


'"[ 


INPUT 
62.4 
OUTPUT 
jOM 
REGISITR 
FALL 
THROUGH 
REGISTER 
STACK 


IR 
INPUT 
STACK 
OUTPUT 
OR 
CONTROL 
CONTROL 
CONTROL 


Y 
y 
y 
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Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 12S'C 
Supply Voltage 
Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30mAto 
+5.0mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5V 
to Vcc 


TRI-STATEI!l 
Output 
- 0.5V to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 'OL (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not 
implied. 


Note 
2: Either 
voltage 
limit or current 
limit 
is sufficient 
to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.5 
V 
Min 
IIN = -18 
mA 


VOH 
Output HIGH 
54F 10% Vcc 
2.4 
10H = -1 
mA 
Voltage 
74F 10% Vcc 
2.4 
V 
Min 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 8 mA 
Voltage 
74F 10% Vcc 
0.5 
10L = 8 mA 


IIH 
Input HIGH 
54F 
20.0 
/LA 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
/LA 
Max 
Breakdown 
Test 
74F 
7.0 
VIN = 7.0V 


ICEX 
Output HIGH 
54F 
250 
/LA 
Max 
Leakage 
Current 
74F 
50 
VOUT = Vcc 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 
1.9/LA 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
/LA 
0.0 
VI00 = 150 mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.4 
mA 
Max 
VIN = 0.5V 


10S 
Output Short-Circuit 
Current 
-20 
-130 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
115 
160 
mA 
Max 
Va = HIGH 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
CL = SO pF 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


fmax 
Shift In Rate 
10 
8.0 
10 
MHz 
2-1 


fmax 
Shift Out Rate 
10 
8.0 
10 
MHz 
2-1 


tpLH 
Propagation 
Delay 
1.5 
44.0 
1.5 
50.0 
1.5 
48.0 
2-3 
ns 


tpHL 
Shift In to IR 
1.5 
31.0 
1.5 
37.0 
1.5 
35.0 


tpLH 
Propagation 
Delay 
1.5 
52.0 
1.5 
57.0 
1.5 
55.0 
2-3 


tpHL 
Shift Out to OR 
1.5 
31.0 
1.5 
37.0 
1.5 
35.0 
ns 


tpLH 
Propagation 
Delay 
1.5 
46.0 
1.5 
52.0 
1.5 
50.0 
2-3 
ns 
tpHL 
Output 
Data Delay 
1.5 
34.0 
1.5 
39.0 
1.5 
37.0 


tpLH 
Propagation 
Delay 
1.5 
27.0 
1.5 
33.0 
1.5 
31.0 
ns 
2-3 
Master 
Reset to IR 


tpLH 
Propagation 
Delay 
1.5 
30.0 
1.5 
34.0 
1.5 
32.0 
ns 
2-3 
Master 
Reset to OR 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Mln 
Max 
Min 
Max 
Mln 
Max 


ts(H) 
Setup Time, HIGH or LOW 
1.0 
1.0 
1.0 


ts(Ll 
Dn to SI 
1.0 
1.0 
1.0 
ns 
2-6 
th(Hl 
Hold Time, HIGH or LOW 
10.0 
10.0 
10.0 
th(L) 
DntoSI 
10.0 
10.0 
10.0 


tw(H) 
Shift In Pulse Width 
5.0 
5.0 
5.0 
twILl 
HIGH or LOW 
10.0 
10.0 
10.0 
ns 
2-4 
tw(H) 
Shift Out Pulse Width 
7.5 
8.5 
7.5 
tw(L) 
HIGH or LOW 
10.0 
10.0 
10.0 


tw(H) 
Input Ready Pulse Width, 


7.5 
8.5 
7.5 
2-4 
HIGH 
ns 


twILl 
Output 
Ready Pulse Width, 
5.0 
5.0 
5.0 
2-4 
LOW 
ns 


twILl 
Master 
Reset Pulse Width, 
10.0 
10.0 
10.0 
2-4 
LOW 
ns 


tree 
Recovery 
Time, MR to SI 
32.0 
35.0 
35.0 
ns 
2-6 


tpT 
Data Throughput 
Time 
0.9 
1.0 
1.0 
fLs 


~National 
~ 
semiconductor 


54F/74F420 
Parallel Check Bit/Syndrome 
Bit Generator 


General Description 


The 
'F420 
is a parallel 
check 
bit/syndrome 
bit generator. 
The 'F420 
utilizes 
a modified 
hamming 
code to generate 
7 
check 
bits from a 32-bit dataword, 
in 15 ns, when operated 
in the check 
bit generate 
mode. When 
operated 
in the syn- 
drome 
generate 
mode, 
the 
check 
bits 
and 
data 
bits 


read from 
memory 
are utilized 
in a parity summer 
to gener- 
ate syndrome 
bits upon error detection. 
The maximum 
error 


count 
detectable 
is 2. A single 
error 
detect 
can 
occur 
in 
18 ns; a double 
error 
detect 
in 22 ns. The 
syndrome 
bit 
generation 
can be output 
in 15 ns (maximum). 


Ordering Code: 
See Section 
5 
Logic Diagram 


Pin Assignment 
for LCC and PCC 
Pin Assignment 
for DIP and Flatpak 


~~ 
rns 


0100 
ffi~ 
DllgJ 
mC3 


0128 
m~ 


D13~ 
me, 
~.~ 
rn~ 
~~ 
m~ 
°'59 
9~ 


QulBl 
~S, 


D,7a 
~~ 


D,a~ 
~~ 


D'9~ 
~~ 
~~ 
~~ 
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TL/F/9542-2 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


Co-Cs 
Check 
Bit/Syndrome 
Bus Inputs/ 
3.5/1.083 
70 IJ-A/- 
0.65 mA 


Outputs 
150/40 
(33.3) 
-3 
mA/24 
mA (20 mAl 
00-031 
Data Bit Bus 
1.0/1.0 
20 IJ-A/-0.6 
mA 
CB 
Check Bit Control 
1.0/1.0 
20 IJ-A/-0.6 
mA 
DEF 
Double 
Error Flag 
50/33.3 
-1 
mA/20mA 
SEF 
Single Error Flag 
50/33.3 
-1 
mA/20mA 
50,51 
Mode Control 
1.0/1.0 
20 IJ-A/ - 0.6 mA 


"0 
' 
C, 
2 


C, 


C, 
c, 
e, 


c. 
' 


DO 


0, 


•• 
'0 


47 
51 


" 
S£, 


45 
DU 
•• 
ce 


" 
NC 


42 
0Jl 


41 
030 


'" 
0" 
" 
0,. 
J8 
0" 


37 
026 


36 
GHO 


35 
025 


34 
DU 


33 
023 


32 
022 


31 
021 


3D 
'" 
29 
0,9 


28 
0,8 


27 
017 


26 
0'6 


2S 
0,5 


0, 
10 


0, 
11 


Vcc 
12 


GHO " 
0, 
14 


0, 
15 
" " 
0, 
17 


" 


18 


0, 
,. 


0'0 
20 


0'1 
21 


012 
22 


O'l 
23 


0'4 
24 


Memory 


Cycle 


Write 


Read 


Read 


Read 


Diagnostics 


Generate 
Check 
Bits 


Read & Flag 


Latch Check 
Bits 


Output Syndrome 
Bits 


Input Diagnostic 


Data Word 


Input Diagnostic 


Data Word 


Input Diagnostic 


Data Word 


~ 


Function 
Table 
I\) 
0 


Control 
Check Bit 
CBControl 
Error Flags 


51 
50 
I/O 
5EF 
DEF 


L 
L 
Output Check 
L 
H 
H 


H 
L 
Input 
H 
Enabled 


H 
H 
Inputs 
H 
Enabled 


H 
H 
Output Syndrome 
Bits 
L 
Enabled 


H 
H 
Latched 
Check 
H 
Enabled 


Outputs 
High-Z 


L 
H 
Output 
Latched 
L 
Enabled 


Check Bits 


H 
H 
Output Syndrome 
L 
Enabled 


Bits 


Absolute 
Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 


Office/Distributors 
for 
availability 
and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
- 55·C to + 175·C 
Military 
+ 4.5V to + 5.5V 


VCC Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 


in HIGH State 
(with Vcc = OV) 


Standard 
Output 
-0.5VtoVcc 


TRI-STATE® 
Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions 
is not implied. 


Note 2: Either voltage limit or current limit is sufficient 
to protect inputs. 


DC Electrical 
Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA, On, CB, SO, S1 


VOH 
Output 
HIGH 
54F 10% VCC 
2.5 
10H = -1 
mA (All Outputs) 
Voltage 
54F 10% Vcc 
2.4 
10H = -3 
mA (Co-Cs) 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA (All Outputs) 
74F 10% Vcc 
2.4 
10H = -3 
mA (Co-Cs) 
74F5% 
Vcc 
2.7 
10H = - 1 mA (All Outputs) 
74F 5% Vcc 
2.7 
10H = -3 
mA (Co-Cs) 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
10L = 20 mA (All Outputs) 
Voltage 
74F 10% Vcc 
0.5 
V 
Min 
IOL = 20 mA (OEF, SEF) 
74F 10% Vcc 
0.5 
10L = 24 mA (Co-Cs) 


IIH 
Input HIGH 
54F 
20.0 
/LA 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
/LA 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


'CEX 
Output 
HIGH 
54F 
250 
/LA 
Max 
VOUT = Vcc 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9/LA 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
/LA 
0.0 
VIOO = 1.50 mV 
Circuit Current 
All Other Pins Grounded 


IBVIT 
Input HIGH Current 
1.0 
mA 
Max 
VIN = 5.5V (Co-Cs) 
Breakdown 
Test (I/O) 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V (On, CB, SO, S1) 


IIH + 
10lH 
Output 
Leakage 
Current 
70 
/LA 
Max 
VOUT = 2.7V (CO-CS) 


IlL + 
lOlL 
Output 
Leakage 
Current 
-650 
/LA 
Max 
VOUT = 0.5V (CO-CS) 


10S 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


III 
Bus Drainage 
Test 
500 
/LA 
O.OV 
VOUT = 5.25V 


ICCH 
Power Supply Current 
130 
mA 
Max 
Vo = HIGH 


leeL 
Power Supply Current 
130 
mA 
Max 
Vo = LOW 


ICCl 
Power Supply Current 
130 
mA 
Max 
Vo = HIGH Z 


- - 
_. ~~ -_ ... 
Units 


II~. 
I 
- --- 
.•. 
"'C 
i 
"".UY 
Cl = 50 pF 
Cl = 50 pF 
No. 
Cl = SOpF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
5.0 
20.0 
5.0 
22.0 
420-a, b 
ns 
tpHL 
On to Cn 
5.0 
17.0 
5.0 
19.0 


tpLH 
Propagation 
Delay 
5.0 
20.0 
5.0 
22.0 
420-b 
tpHL 
Dn/Cn to SEF 
4.0 
16.0 
4.0 
18.0 
ns 


tpLH 
Propagation 
Delay 
6.0 
24.0 
6.0 
26.0 
420-b 
tpHL 
On/en 
to DEF 
5.0 
21.0 
5.0 
22.0 
ns 


tpLH 
Propagation 
Delay 
4.0 
18.0 
4.0 
19.0 
420-a, b 
ns 
tpHL 
S1toen 
3.0 
13.0 
3.0 
14.0 


tpLH 
Propagation 
Delay 
4.0 
14.0 
4.0 
15.0 
420-b 
ns 
tpHL 
S1 to SEF/DEF 
3.0 
9.0 
3.0 
10.0 


tpZH 
Output 
Enable Time 
2.0 
12.0 
2.0 
13.0 


tpZL 
2.0 
11.0 
2.0 
12.0 
ns 


tpHZ 
Output 
Disable Time 
1.0 
7.5 
1.0 
8.0 


tpLZ 
1.0 
7.5 
1.0 
8.0 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S·C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 
Vcc = +S.OV 
No. 


Min 
Max 
Min 
Max 
Min 
Max 


ts(H) 
Setup Time, HIGH or lOW 
5.0 
5.0 
2-6 
ts(l) 
Cn to So 
5.0 
5.0 
ns 


th(H) 
Hold Time. HIGH or lOW 
5.0 
5.0 
2-6 
th(l) 
Cn to So 
5.0 
5.0 
ns 


twILl 
Clock Pulse Width lOW 
8.0 
8.0 
ns 
2-4 


• 


DO - 
031--------_< 


~CHECKBIT~ 
GENERAT~ 
_-------------------- 
VALID CHECKWORO 
---------------------- 


I 


I 
-Select 
to SyndromeB~Output 


Single" 


Error 
Detect 


Iolulliple'\ 


~National 
~ 
semiconductor 


54F/74F432 
Multi-Mode Buffered Latch with TRI-STATE® Outputs 


General Description 


The 'F432 
is an 8-bit 
latch 
with TRI-STATE 
output 
buffers 
and control 
and device 
selection 
logic. 
Also 
included 
is a 
status flip-flop 
for providing 
device-busy 
or request-interrupt 
commands. 
Separate 
Mode and Select 
inputs allow data to 
be stored 
with the outputs 
enabled 
or disabled. 
The device 
can also operate 
in a fully transparent 
mode. 


The 'F432 
is the functional 
equivalent 
of the Intel 8212, 
but 
with inverting 
outputs. 


Features 


• 
TRI-STATE 
inverting 
outputs 


• 
Status 
flip-flop 
for interrupt 
commands 


• 
Asynchronous 
or latched 
receiver 
modes 


• 
Data to output 
propagation 
delay typically 
8.5 ns 


• 
Supply 
current 
43 mA typ 


• 
24-pin 
slim package 


Pin Assignment 
for DIP, SOIC and Flatpak 
Pin Assignment 
for LCC 


ST9 
INT 
5, 
03 02 02 NC 0, 01 00 


1 
24 
Vrx; 
(]][@]III00rnmlIl 
51 
~ 
23 
iNf 
52 
°0 
22 
iry 
°3 Ii] 
moo 


°0 
4 
21 
°7 
5TB (j] 
rn~ 


°1 
5 
20 
°6 


GNO~ 
III 51 
TLIF/9543-1 
NC(j] 
III NC 
°1 
6 
19 
°6 
52[!] 
~VCC 


IEEE/IEC 
°2 
7 
18 
°5 
CLRIi1l 
lllIiNf 


°2 
8 
17 
°5 
O.[!] 
~iry 


°3 
9 
16 
0. 
51 
°3 
'0 
15 
0. 
[!]1i1i~§1gHH~ 


52 
5TB 
11 
14 
CLR 
0. 
05 05 NC 06 06 07 


iNf 
GNO 
12 
13 
52 
TL/F/9543-3 


CLR 


5TB 
TL/F/9543-2 


~ 


°0 
°1 
°2 
°3 
0. 
°5 
°6 
°7 


TL/F/9543-4 
• 


54F/74F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 


HIGH/LOW 
Output 
IOH/IOL 


00-07 
Data Inputs 
1.0/1.0 
20 I'-A/ -0.6 
mA 
00-07 
Latch Outputs 
150/40 
(33.3) 
-3 
mA/24 
mA (20 mAl 
5V52' 
Select 
Inputs 
1.0/1.0 
20 I'-A/ -0.6 
mA 


M 
Mode Control 
Input 
1.0/1.0 
20 I'-A/ -0.6 
mA 


STB 
Strobe 
1.0/1.0 
20 I'-A/ - 0.6 mA 


INT 
Interrupt 
50/33.3 
-1 
mA/20mA 


CLA 
Clear 
1.0/1.0 
20 I'-A/ -0.6 
mA 


Functional Description 
This 
high-performance 
eight-bit 
parallel 
expandable 
buffer 
register 
incorporates 
package 
and 
mode 
selection 
inputs 
and an edge-triggered 
status 
flip-flop 
designed 
specifically 
for 
implementing 
bus-organized 
input/output 
ports. 
The 
TAl-STATE 
data 
outputs 
can 
be connected 
to a common 
data 
bus and controlled 
from 
the appropriate 
select 
inputs 
to receive 
or transmit 
data. 
An integral 
status 
flip-flop 
pro- 
vides 
busy or request 
interrupt 
commands. 


The eight data latches 
are fully transparent 
when 
the inter- 
nal gate enable, 
G, input is HIGH and the outputs 
are en- 
abled. 
Latch 
transparency 
is selected 
by the mode 
control 
(M), select 
(51 and S2), and the 
strobe 
(STB) 
inputs 
and 
during 
transparency 
each 
data 
output 
(On) follows 
its re- 
spective 
data 
input 
(On). This 
mode 
of operation 
can 
be 


terminated 
by clearing, 
de-selecting, 
or 
holding 
the 
data 
latches. 
See Data Latches 
Function 
Table. 


An input 
mode 
or an output 
mode 
is selectable 
from 
this 
single 
input 
line. In the input mode, 
M = L, the eight 
data 
latch 
inputs 
are enabled 
when 
the strobe 
is HIGH 
regard- 
less of device 
selection. 
If selected 
during 
an input 
mode, 


the outputs 
will follow 
the data inputs. When the strobe input 
is taken 
LOW the latches 
will store the most recently 
setup 
data. 


In the output 
mode, 
M = H, the output 
buffers 
are enabled 
regardless 
of 
any 
other 
control 
input. 
During 
the 
output 
mode the content 
of the register 
is under 
control 
of the se- 


lect (51 and S2) inputs. 
See Data Latches 
Function 
Table. 


Function 
CLR 
M 
51 
S2 
STB 
Data In 
Data Out 


Clear 
L 
H 
H 
X 
X 
X 
H 


L 
L 
L 
H 
L 
X 
H 


De-select 
X 
L 
X 
L 
X 
X 
Z 


X 
L 
H 
X 
X 
X 
Z 


Hold 
H 
H 
H 
L 
X 
X 
00 
H 
L 
L 
H 
L 
X 
00 


Data Bus 
H 
H 
L 
H 
X 
L 
H 


H 
H 
L 
H 
X 
H 
L 


Data Bus 
H 
L 
L 
H 
H 
L 
H 


H 
L 
L 
H 
H 
H 
L 


H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = 
Immaterial 
Z = High Impedance 


CLR 
51 
S2 
STB 
INT 


L 
H 
X 
X 
H 


L 
X 
L 
X 
H 


H 
X 
X 
.../ 
L 


H 
L 
H 
X 
L 


H ~ 
HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = 
Immaterial 


....r = 
LOW·to·HIGH 
Transition 


TLIF/9543-5 


Please note that this diagram is provided only for the understanding 
of logic operations and should not be used to estimate propagation delays. • 


-~~ 
- - 
~ree Air Ambient 
Temperature 
Office/Distributors 
for 
availability 
and 
specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5V 
to Vcc 
TRI-STATE 
Output 
- 0.5V to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged 
or have its useful life impaired. 
Functional 
operation 
under 


these conditions 
is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
54F 10% Vcc 
2.4 
10H = -3mA 


74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 10% Vcc 
2.4 
10H = -3mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -3mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 
Voltage 
74F 10% Vcc 
0.5 
10L = 24 mA 


IIH 
Input HIGH 
54F 
20.0 
/-LA 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


levi 
Input HIGH Current 
54F 
100 
/-LA 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
/-LA 
Max 
VOUT = Vcc 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
110= 
1.9/-LA 
Test 
0.0 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
/-LA 
VIOO = 150mV 
Circuit Current 
3.75 
0.0 
All Other Pins Grounded 


leVIT 
Input HIGH Current 
1.0 
mA 
Max 
VIN = 5.5V 
Breakdown 
Test (I/O) 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10ZH 
Output 
Leakage 
Current 
50 
/-LA 
Max 
VOUT = 2.7V 


10ZL 
Output 
Leakage 
Current 
-50 
/-LA 
Max 
VOUT = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


DC Electrical Characteristics 
(Continued) 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


Izz 
Bus Drainage 
Test 
500 
/LA 
O.OV 
VOUT = 5.25V 


ICCH 
Power Supply Current 
50 
65 
mA 
Max 
Va = HIGH 


ICCL 
Power Supply Current 
50 
65 
mA 
Max 
Va = LOW 


Iccz 
Power Supply Current 
50 
65 
mA 
Max 
Va = HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S 


oC 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
Units 


CL = 50 pF 
CL = SOpF 
CL = SOpF 
No. 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
3.5 
8.5 
10.5 
3.0 
12.0 


tpHL 
Dn to On 
2.5 
5.5 
7.0 
3.0 
12.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
8.5 
16.0 
21.0 
7.5 
23.0 


tpHL 
51. S2 or STB to On 
6.5 
12.5 
16.0 
5.5 
18.0 
ns 
2-3 


tpHL 
Propagation 
Delay 
7.0 
15.0 
18.5 
6.0 
20.5 
2-3 
CLRtoOn 
ns 


tpHL 
Propagation 
Delay 
6.0 
11.5 
14.5 
5.0 
16.0 
2-3 
STB to INT 
ns 


tpLH 
Propagation 
Delay 
4.0 
7.5 
9.5 
3.5 
10.5 


tpHL 
51 tolNT 
5.5 
7.5 
12.0 
5.5 
13.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
4.0 
7.5 
9.5 
3.5 
10.5 


tpHL 
S2to 
INT 
4.5 
7.5 
9.5 
4.5 
10.5 
ns 
2-3 


tpLH 
Propagation 
Delay 
9.0 
15.0 
19.0 
9.0 
20.0 


tpHL 
MtoOn 
6.5 
11.0 
14.0 
6.5 
15.0 
ns 
2-3 


tpZH 
Enable Time 
6.0 
8.5 
14.0 
6.0 
15.0 


tpZL 
MtoOn 
6.0 
8.5 
13.0 
6.0 
14.5 
ns 
2-5 


tPHZ 
Disable Time 
4.5 
6.5 
9.5 
4.5 
10.5 


tpLZ 
MtoOn 
5.5 
9.5 
12.0 
5.5 
13.0 
ns 
2-5 


tpZH 
Enable Time 
4.5 
13.0 
18.0 
4.0 
20.0 


tpZL 
51. S2toOn 
5.0 
11.0 
15.0 
4.0 
17.0 
ns 
2-5 
tpHZ 
Disable Time 
4.0 
8.0 
11.0 
3.5 
12.5 
tpLZ 
51, S2 to On 
5.0 
11.0 
15.5 
4.0 
17.5 


Ell 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
54F 
74F 


Symbol 
Parameter 
TA = +25°C 
TA. Vcc 
= Mil 
TA. Vcc 
= Com 
Units 
Fig. 


Vcc = +5.0V 
No. 


Min 
Max 
Min 
Max 
Min 
Max 


ts(H) 
Setup Time, HIGH or LOW 
0 
0 


ts(L) 
81 to On 
0 
0 
2-6 
ns 
th(H) 
Hold Time, HIGH or LOW 
11.0 
12.5 


th(L) 
81 to On 
8.5 
9.5 


ts(H) 
Setup Time, HIGH or LOW 
0 
0 
2-6 
ts(L) 
S2 to On 
0 
0 
ns 


th(H) 
Hold Time, HIGH or LOW 
9.0 
9.0 
2-6 
th(L) 
S2 to On 
7.0 
7.0 
ns 


ts(H) 
Setup Time, HIGH or LOW 
0 
0 
2-6 
ts(L) 
STBto 
On 
0 
0 
ns 


th(H) 
Hold Time, HIGH or LOW 
13.0 
13.0 
2-6 
th(L) 
STBto 
On 
10.0 
10.0 
ns 


tw(H) 
STB Pulse Width 
5.0 
5.0 


tw(L) 
HIGH or LOW 
5.0 
5.0 
ns 
2-4 


tw(L) 
CLR Pulse Width, 
LOW 
10.0 
10.0 
ns 
2-4 


tw(H) 
Sl Pulse Width 
9.0 
9.0 
tw(L) 
HIGH or LOW 
7.0 
7.0 
ns 
2-4 


tw(H) 
S2 Pulse Width 
7.0 
7.0 
tw(L) 
HIGH or LOW 
9.0 
9.0 
ns 
2-4 
, 


~National 
~ 
semiconductor 


54F/74F433 
First-In First-Out (FIFO) Buffer Memory 


General Description 


The 
'F433 
is an expandable 
fall-through 
type 
high-speed 
first-in 
first-out 
(FIFO) 
buffer 
memory 
that 
is optimized 
for 
high-speed 
disk or tape controller 
and communication 
buffer 
applications. 
It is organized 
as 64 words 
by 4 bits and may 
be expanded 
to any number 
of words 
or any number 
of bits 
in multiples 
of four. Data may be entered 
or extracted 
asyn- 
chronously 
in serial 
or parallel, 
allowing 
economical 
imple- 
mentation 
of buffer 
memories. 


The 'F433 
has TRI-STATE® 
outputs 
that provide 
added ver- 
satility, 
and is fully compatible 
with all TTL families. 


Features 


• 
Serial 
or parallel 
input 


• 
Serial 
or parallel 
output 


• 
Expandable 
without 
additional 
logic 


• 
TRI-STATE 
outputs 
• 
Fully compatible 
with all TTL families 


• 
Slim 24-pin 
package 


• 
9423 
replacement 


Connection 
Diagrams 


Pin Assignment 
for DIP, 
SOIC and Flatpak 


iRF 
1 
24 
Vex 


PL 
2 
23 
ORE 


DO 
3 
22 
Os 


0, 
4 
21 
00 


O2 
5 
20 
0, 


03 
6 
19 
O2 


Os 
7 
18 
03 


CPSI 
8 
17 
OE 


iEs 
9 
16 
CPSO 


TIs 
10 
15 
OES 


Wi 
11 
14 
TOS 


GNO 
12 
13 
TOP 


Pin Assignment 
for LCC 


iES CPSI Os NC 03 02 
01 
[j]1IQ][I)[[)[I]~rn 


ns~ 
f;iR1Ul 


GNO [j]J 


NC ij] 


TOP [§] 


TOS IJ1l 


OES [§] 


IIID~~~~~~ 


CPSO 6E 03 
NC 02 
01 
00 


moO 
rn PL 
[IJiRF 
OJ NC 


~ 
Vcc 
IllJ ORE 
g§J Os • 


54F174F 


Pin Names 
Description 
U.L. 
Input 
IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


PL 
Parallel 
Load Input 
1.0/0.66 
20 ,...A/400,...A 
CPSI 
Serial Input Clock 
1.0/0.66 
20 ,...Al400,...A 
IES 
Serial Input Enable 
1.010.66 
20 ,...A/400,...A 
TIS 
Transfer 
to Stack Input 
1.0/0.66 
20 ,...Al400,...A 
MR 
Master 
Reset 
1.0/0.66 
20 ,...Al400,...A 
OES 
Serial Output 
Enable 
1.0/0.66 
20 ,...Al400,...A 
TOP 
Transfer 
Out Parallel 
1.0/0.66 
20 ,...Al400,...A 
TOS 
Transfer 
Out Serial 
1.0/0.66 
20 ,...Al400,...A 
CPSO 
Serial Output Clock 
1.0/0.66 
20 ,...Al400,...A 
OE 
Output 
Enable 
1.0/0.66 
20 ,...Al400,...A 


00-03 
Parallel Data Inputs 
1.0/0.66 
20 ,...Al400,...A 
Os 
Serial Data Input 
1.0/0.66 
20 ,...Al400,...A 
00-03 
Parallel Data Outputs 
285/10 
5.7 mAl16 
mA 
9.s.- 
Serial Data Output 
285/10 
5.7 ,...Al16 mA 
IRF 
Input Register 
Full 
20/5 
400 ,...Al8 mA 
ORE 
Output 
Register 
Empty 
20/5 
400 ,...Al8 mA 


Functional Description 
As shown 
in the block diagram, 
the 'F433 
consists 
of three 
sections: 


1. An Input 
Register 
with parallel 
and serial data inputs, 
as 
well as control 
inputs 
and outputs 
for input handshaking 
and expansion. 


2. A 4-bit-wide, 
62-word-deep 
fall-through 
stack 
with 
self- 


contained 
control 
logic. 


3. An Output 
Register 
with parallel 
and serial data outputs, 


as well 
as control 
inputs 
and 
outputs 
for output 
hand- 
shaking 
and expansion. 


These three 
sections 
operate 
asynchronously 
and are virtu- 
ally independent 
of one another. 


Input 
Register 
(Data 
Entry) 


The 
Input 
Register 
can 
receive 
data 
in either 
bit-serial 
or 
4-bit parallel 
form. It stores this data until it is sent to the fall- 
through 
stack, and also generates 
the necessary 
status and 
control 
signals. 


This 5-bit register 
(see Figure 
1) is initialized 
by setting 
flip- 
flop F3 and resetting 
the other flip-flops. 
The a-output 
of the 
last flip-flop 
(FC) is brought 
out as the 
Input 
Register 
Full 
(IRF) signal. After 
initialization, 
this output 
is HIGH. 


Parallel 
Entry-A 
HIGH 
on the 
Parallel 
Load 
(PL) 
input 
loads 
the 
00-03 
inputs 
into the 
Fo-F3 
flip-flops 
and sets 
the FC flip-flop. 
This forces 
the IRF output 
LOW, indicating 
that the input register 
is full. During parallel 
entry, the Serial 
Input Clock 
(CPSI) input must be LOW. 


Serial 
Entry-Data 
on the Serial 
Data (Os) input is serially 
entered 
into the shift register 
(F3' F2' F1' Fo, FC) on each 
HIGH-to-LOW 
transition 
of the CPSI input when 
the Serial 
Input Enable 
(IES) signal is LOW. During serial entry, the PL 
input should 
be LOW. 


After the fourth 
clock 
transition, 
the four data bits are locat- 
ed in flip-flops 
Fo-F3. 
The FC flip-flop 
is set, forcing 
the IRF 
output 
LOW 
and 
internally 
inhibiting 
CPSI 
pulses 
from 
af- 
fecting 
the register. 
Figure 2 illustrates 
the final positions 
in 
an 'F433 
resulting 
from 
a 256-bit 
serial 
bit train 
(Bo is the 
first bit, B255 the last). 


FIGURE 1. Conceptual 
Input 
Section 


Once 
in the stack, data falls through 
automatically, 
pausing 
only when it is necessary 
to wait for an empty 
next location. 


In the 'F433, 
the master 
reset (MR) input only initializes 
the 
stack control 
section 
and does not clear the data. 


Output 
Register 


The 
Output 
Register 
(see 
Figure 
3) 
receives 
4-bit 
data 
words from the bottom 
stack location, 
stores them, and out· 
puts data 
on a TRI-STATE, 
4-bit 
parallel 
data 
bus or on a 
TRI-STATE 
serial 
data 
bus. The output 
section 
generates 
and receives 
the necessary 
status 
and control 
signals. 


Parallel 
Extraction-When 
the FIFO is empty after a LOW 
pulse is applied 
to the MR input, the Output 
Register 
Empty 
(ORE) output 
is LOW. After 
data has been entered 
into the 
FIFO and has fallen through 
to the bottom 
stack location, 
it 
is transferred 
into the 
output 
register, 
if the 
Transfer 
Out 
Parallel (TOP) input is HIGH. As a result of the data transfer 
ORE goes 
HIGH, 
indicating 
valid data on the data outPut~ 
(provided 
that the TRI-STATE 
buffer 
is enabled). 
The TOP 
input can then be used to clock 
out the next word. 


When TOP goes LOW, ORE also goes LOW, indicating 
that 
the output 
data has been extracted; 
however, 
the data itself 
remains 
on the output 
bus until a HIGH 
level on TOP per- 
mits the transfer 
of the next word (if available) 
into the out- 
put register. 
During parallel 
data extraction, 
the serial output 
clock 
(CPSO) line should 
be LOW. The Transfer 
Out Serial 
(TOS) line should 
be grounded 
for single-slice 
operation 
or 
connected 
to the appropriate 
ORE line for expanded 
opera- 


tion (refer to the 'Expansion' 
section). 


The 
TOP 
signal 
is not 
edge-triggered. 
Therefore, 
if TOP 
goes HIGH belore 
data is available 
from the stack but data 
becomes 
available 
before 
TOP again goes 
LOW, that data 
is transferred 
into 
the 
output 
register. 
However, 
internal 


TLIF/9544-6 


FIGURE 
2. Final Positions 
In an 'F433 
Resulting 
from 
a 256-81t Serial 
Train 


Fall-Through 
Stack-The 
outputs 
of flip-flops 
Fo-F3 
feed 
the stack. A LOW level on the Transfer 
to Stack (TTS) input 
initiates 
a fall-through 
action; 
if the top location 
of the stack 
is empty, data is loaded 
into the stack and the input register 
is reinitialized. 
(Note that this initialization 
is delayed 
until PL 


is LOW). Thus, 
automatic 
FIFO action 
is achieved 
by con- 
necting 
the IRF output 
to the TIS 
input. 


An RS-type 
flip-flop 
(the initialization 
flip-flop) 
in the control 
section 
records 
the fact that 
data 
has been 
transferred 
to 
the stack. This prevents 
multiple entry of the same word into 
the stack 
even though 
IRF and TIS 
may still be LOW; the 
initialization 
flip-flop 
is not cleared 
until PL goes LOW. 
• 


Functional Description 
(Continued) 


control 
circuitry 
prevents 
the same 
data 
from 
being 
trans- 
ferred 
twice. 
If TOP goes HIGH and returns 
to LOW before 
data is available 
from the stack, ORE remains 
LOW, indicat- 
ing that there 
is no valid data at the outputs. 


Serial Extraction-When 
the FIFO is empty after a LOW is 
applied 
to the MR input, the ORE output 
is LOW. After data 
has been 
entered 
into the FIFO and has fallen 
through 
to 
the 
bottom 
stack 
location, 
it is transferred 
into the output 
register, 
if the ros input 
is LOW and TOP is HIGH. 
As a 
result of the data transfer, 
ORE goes 
HIGH, indicating 
that 
valid data is in the register. 


The TRI-STATE 
Serial Data Output (as) is automatically 
en- 
abled 
and puts the first data bit on the output 
bus. Data is 
serially 
shifted 
out on the HIGH-to-LOW 
transition 
of CPSO. 


To prevent 
false 
shifting, 
CPSO 
should 
be LOW when 
the 


new word is being loaded into the output 
register. 
The fourth 
transition 
empties 
the shift register, 
forces 
ORE 
LOW, and 
disables 
the serial output, as. For serial operation, 
the ORE 
output 
may be tied to the TOS input, requesting 
a new word 
from the stack 
as soon as the previous 
one has been shift- 


ed out. 


Expansion 


Vertical 
Expansion-The 
'F433 
may be vertically 
expand- 
ed, without 
external 
components, 
to store 
more words. 
The 
interconnections 
necessary 
to 
form 
a 
190-word 
by 
4-bit 
FIFO are shown 
in Figure 4. Using the same technique, 
any 
FI Fa of (63n + 1)-words 
by 4-bits can be configured, 
where 
n is the number 
of devices. 
Note 
that expansion 
does 
not 
sacrifice 
any of the 
'F433 
flexibility 
for serial/parallel 
input 
and output. 


SERIAL DATA IN 
'. 
L.c TIS 
PL Os 03 O2 01 DO 


IRF :>- 
SERIAL INPUT CLOCK 
IES 
CPSI 
OES 
'F433 
~ 
TOS 
TOP 
CPSO 
ORE 0- 


OE 
t.lR 
0302 
01 000S 
9 
I 
NC 


T 
I I 


L.c TIS 
PL Os 03 O2 01 DO 


0- 
IES 
IRF 
CPSI 
OES 
'F433 
-C 
TOS 
r- TOP 
CPSO 
ORE 0- 


OE 
t.lR 
°30201000S 
9 
I 
NC 
r 


I I 


L.c TIS 
PL Os 03 0201 DO 
:l- 
IES 
IRF 
CPSI 
OES 
'F433 
OUt.lP 
-<: TOS 


SERIAL OUTPUT CLOCK 
TOP 
,..~ 
OUTPUT ENABLE 
CPSO 
ORE 
OE 
t.lR 
0302 
01 00 Os 
9 
I 
SE 


OA 
= 


OU 


i 
PARALLEL 
DATA 
OUT 


FIGURE 
4. A Vertical 
Expansion 
Scheme 


RIAL 


TA 
TPUT 
• 


Functional Description 
(Continued) 


Horizontal 
Expansion-The 
'F433 
can be horizontally 
ex- 
panded, 
without 
external 
logic, to store long words 
(in multi- 
ples of 4-bits). The interconnections 
necessary 
to form a 64- 
word by 12-bit FIFO are shown 
in Figure 5. Using the same 
technique, 
any 
FIFO 
of 64-words 
by 4n-bits 
can 
be con- 
structed, 
where 
n is the number 
of devices. 


The right-most 
(most significant) 
device 
is connected 
to the 
TIS 
inputs 
of all devices. 
Similarly, 
the ORE output 
of the 
most significant 
device 
is connected 
to the TOS inputs of all 
devices. 
As in the vertical 
expansion 
scheme, 
horizontal 
ex- 
pansion 
does 
not 
sacrifice 
any of the 
'F433 
flexibility 
for 
serial/parallel 
input and output. 


It should 
be noted 
that 
the 
horizontal 
expansion 
scheme 
shown 
in Figure 5 exacts 
a penalty 
in speed. 


Horizontal 
and Vertical 
Expansion-The 
'F433 can be ex- 
panded 
in both the horizontal 
and vertical 
directions 
without 
any external 
components 
and without 
sacrificing 
any of its 
FIFO flexibility 
for serial/parallel 
input and output. The inter- 
connections 
necessary 
to form 
a 127-word 
by 16-bit 
FIFO 
are shown 
in Figure 6. Using the same technique, 
any FIFO 
of (63m + 1)-words 
by 4n-bits 
can be configured, 
where 
m is 
the number 
of devices 
in a column 
and n is the number 
of 
devices 
in a row. Figures 
7 and 8 illustrate 
the timing 
dia- 
grams 
for 
serial 
data 
entry 
and 
extraction 
for 
the 
FIFO 
shown 
in Figure 
6. Figure 
9 illustrates 
the final positions 
of 
bits in an expanded 
'F433 
FIFO 
resulting 
from 
a 2032-bit 
serial bit train. 


Interlocking 
Circuitry-Most 
conventional 
FIFO 
designs 
provide 
status 
signal analogous 
to IRF and ORE. However, 


when 
these 
devices 
are operated 
in arrays, 
variations 
in 
unit-to-unit 
operating 
speed 
require 
external 
gating 
to en- 
sure 
that 
all 
devices 
have 
completed 
an 
operation. 
The 
'F433 
incorporates 
simple 
but effective 
'master/slave' 
inter- 


locking 
circuitry 
to eliminate 
the need for external 
gating. 


In the 'F433 
array of Figure 
6, devices 
1 and 5 are the row 
masters; 
the other 
devices 
are slaves 
to the master 
in their 
rows. No slave in a given row initializes 
its input register 
until 
it has received 
a LOW on its IES input from a row master 
or 
a slave of higher 
priority. 


Similarly, 
the ORE outputs 
of slaves 
do not go HIGH 
until 
their inputs 
have gone 
HIGH. This interlocking 
scheme 
en- 
sures 
that 
new 
input 
data 
may be accepted 
by the 
array 
when the IRF output of the final slave in that row goes HIGH 
and that 
output 
data for the array 
may be extracted 
when 
the ORE 
output 
of the final 
slave 
in the 
output 
row goes 
HIGH. 


The row master is established 
by connecting 
its IES input to 
ground, 
while 
a slave 
receives 
its IES input 
from 
the 
IRF 
output 
of the next-higher 
priority 
device. 
When 
an array 
of 


'F433 
FIFOs 
is initialized 
with a HIGH on the MR inputs 
of 
all devices, 
the IRF outputs 
of all devices 
are HIGH. Thus, 


only the row master 
receives 
a LOW on the IES input during 
initialization. 


Figure 
10 is a conceptual 
logic diagram 
of the internal 
cir- 
cuitry 
that 
determines 
master/slave 
operation. 
When 
MR 
and IES are LOW, the master 
latch is set. When 
TIS 
goes 
LOW, the initialization 
flip-flop 
is set. If the master 
latch 
is 
HIGH, 
the 
input 
register 
is immediately 
initialized 
and 
the 
initialization 
flip-flop 
reset. 
If the 
master 
latch 
is reset, 
the 
input register 
is not initialized 
until IES goes 
LOW. 
In array 
operation, 
activating 
TTS initiates 
a ripple input register 
ini- 


tialization 
from the row master 
to the last slave. 


A similar operation 
takes place for the output 
register. 
Either 
a TOS 
or TOP 
input 
initiates 
a load-from-stack 
operation 
and sets the ORE request 
flip-flop. 
If the master 
latch is set, 
the last output 
register 
flip-flop 
is set and the ORE line goes 
HIGH. 
If the master 
latch 
is reset, 
the ORE output 
is LOW 
until a Serial Output 
Enable 
(OES) input is received. 


PARALLEL DATA INPUT ---------1 


iry 06 05 o~ 
011 0,0 
09 08 


T!l 


_ 
<l 
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_< 
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- 
TOP 
~ 


epso 
~ 
g~so 
CPSO 
epso 


DE 
DE 
DE 
.R 
°3020,000S 
.R 
°3020,000S 
.R 
03 O2 0, 00 Os 
.R 
°3020,000S 


jjR 
Y 
Ne 
Y 
~e 
Y 
Ne 
Y 
Ne 


I 
I 
I 
I I 
I 
I 
I I 
I 


~ 


~ 
Os 03020,00 ~I~ 


ri~Os 03 O2 0, DO 
=S 


~ 
Os 03020, 
00 
I~ 


PLOs 
03020,00 
ITS 


IES 
IRF 
IES 
IRF 
IES 
IRf 
IES 
IRf 


~ 


CPSI 
5 
~~ 


CPSI 
6 
ORE 
CPSI 
7 
ORE 
CPSI 
8 
ORE 
..• 
OES 
'F433 
ORE 
OES 
'F433 
OES 
'f433 
~~; 
H33 
TOS 
TOS 
~ 
TOS 
~ 
DATA 
TOP 
r--- 
TOP 
TOP 
TOP 
READ 
~ 


epso 
-=:; 
epso 
~ 


epsD 
~ 


epso 


DE 
DE 
DE 
DE 
.R 
°30201000S 
.R 
°3020,000S 
.R 
0302 
0, 00 Os 
.R 
°30201000S 


Y 
I 
Y 
I 
Y 
I 
Y 
I 
I 
OUTPUT ENABLE 
SERIAL 
OUTPUT CLOCK 
DATA 
OUWP 
OUTPUT 


-- 


CPSI 


DEVICE 1 


tRF 


DEVICE 2 


tRF 


DEVICE 3 


tRF 


DEVICE 4/ffi 
ALL DEVICES 


iRF 


INPUTS 
0 
1 , 1 
2 
1 3 I • 
BITS 


STORED IN 
DEVICE 1 


to-: 
:- 
~ 
~:r- 


to~ 
~::. 


I 
: 
~ 


I 
;::-::-to,:, 


i 
L...T 


5 
I 
6 
1 
7 I 
8 I 
9 I,D I 11 1,2 
113 
I 
•• 
1,5 
I 


°'5°14°13°12 
I 
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~ 
Functional Description 
(Continued) 


, 


\0-::- 
_____________________ 
~:r- 


I' 
; 


tD~ 
:- 
~-------------~:-~-r 
, , 


:-: :-to':, 
-------,-- 


I 
I 
I 
I I I I 
I 
I 
I 
I 


8:203,920308202.82028 
820278202159202592024 
8202382022 
9202182020 
8201992018820178201 
fj 


----------- 
----------- 
----------- 
----------- 
H33 
~433 
~433 
~433 


'F'433 
'F'.-JJ 
'f.433 
'f433 
----------- 
----------- 
----------- 
----------- 
8, 
S, 
8, 
"0 
'" 
8, 
8, 
8, 
8" 8" 
'" 
8, 
815 
8'4 
Bu 
Bu 
SEO 
I I I I 
I 
I 
I 
I 
I 
I 
I 
0Ull' 
I 
I 
I 


rc 
(SO: rlGOOE 
1) 
o 


S 
REQUEST 


INTlAlIZATION 


F'lf'-FlOP 
o 


S 
0 


ORE-REQUEST 


ruP-F10P 
o 


rx 


(SEE 
rlGUOE 
2) 
o 


LOAD OUlPUT 
(DERIVED 
F'ROW TOP AND TOS) 
OEClSTtR 


TOP 
ros 


OES 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 


please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors 
for availability 
and specifications. 


Storage 
Temperature 
- 65·C to + 150·C 


Ambient 
Temperature 
under Bias 
-55·C 
to + 125·C 


Junction 
Temperature 
under Bias 
-55·C 
to + 175·C 


VCC Pin Potential 
to 
Ground 
Pin 


Input Voltage 
(Note 2) 


Input Current 
(Note 2) 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc 
= OV) 
Standard 
Output 
TRI-STATE 
Output 


Current 
Applied 
to Output 
in LOW State (Max) 


Recommended 
Operating 
Conditions 


Free Air Ambient 
Temperature 
Military 
Commercial 


Supply 
Voltage 
Military 
Commercial 


- 55·C to + 125·C 
O·Cto 
+70·C 


+ 4.5V to + 5.5V 
+ 4.5V to + 5.5V 


-0.5V 
to + 7.0V 


-0.5V 
to + 7.0V 


-30 
mA to + 5.0 mA 


-0.5V 
to Vcc 
-0.5V 
to + 5.5V 


Note 1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.5 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.4 
10H = 400 JJ-A(ORE. IRF) 


Voltage 
54F 10% Vcc 
2.4 
10H = 5.7 mA (On. as) 


74F 10% Vcc 
2.4 
V 
Min 
10H = 400 JJ-A(ORE. IRF) 


74F 10% VCC 
2.4 
10H = 5.7 mA (an. as) 


74F 5% Vcc 
2.7 
10H = 400 JJ-A(ORE. IRF) 


74F 5% VCC 
2.7 
10H = 5.7 mA (On. as) 


VOL 
Output 
LOW 
54F 10% VCC 
0.50 
10L = 8 mA (ORE. IRF) 


Voltage 
74F 10% Vcc 
0.50 
V 
Min 
10L = 16 mA (an. as) 


IIH 
Input HIGH 
54F 
20.0 
VIN = 2.7V 


Current 
74F 
5.0 
JJ-A 
Max 


IBVI 
Input HIGH Current 
54F 
100 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 
JJ-A 
Max 


ICEX 
Output 
HIGH 
54F 
250 
VOUT = Vcc 


Leakage 
Current 
74F 
50 
JJ-A 
Max 


VID 
Input Leakage 


74F 
4.75 
V 
0.0 
110= 1.9 JJ-A 


Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
JJ-A 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.4 
mA 
Max 
VIN = 0.5V 


10ZH 
Output 
Leakage 
Current 
50 
JJ-A 
Max 
VOUT = 2.7V (an. as) 


10ZL 
Output 
Leakage 
Current 
-50 
JJ-A 
Max 
VOUT = 0.5V (an. as) 


10S 
Output Short-Circuit 
Current 
-20 
-130 
mA 
Max 
VOUT = OV 


Icc 
Power Supply Current 
150 
215 
mA 
Max 


-- 
Units 


• 
";;:II" 
."" 
.........• 
CL - 
50pF 
CL = 50pF 
No. 
CL = 50pF 


Min 
Max 
Min 
Max 
Min 
Max 


tpHL 
Propagation 
Delay, Negative-Going 
2.0 
17.0 
2.0 
18.0 
CPSI to IRF Output 
ns 
433-a,b 


tpLH 
Propagation 
Delay, 
9.0 
34.0 
8.0 
38.0 
Negative-Going 
TIS 
to IRF 


tpLH 
Propagation 
Delay, Negative- 
4.0 
25.0 
3.0 
27.0 
433-c,d 
ns 
tpHL 
Going CPSO to Os Output 
5.0 
20.0 
5.0 
21.0 


tpLH 
Propagation 
Delay, Positive- 
8.0 
35.0 
7.0 
38.0 
433-e 
ns 
tpHL 
Going TOP to 00-03 Outputs 
7.0 
30.0 
7.0 
32.0 


tpHL 
Propagation 
Delay, 
7.0 
25.0 
6.0 
28.0 
ns 
433-c,d 
Negative-Going 
CPSO to ORE 


tpHL 
Propagation 
Delay, 
6.0 
26.0 
6.0 
28.0 
Negative-Going 
TOP to ORE 
ns 
433-e 


tpLH 
Propagation 
Delay, Positive-Going 
13.0 
48.0 
12.0 
51.0 
TOP to ORE 


tpLH 
Propagation 
Delay, Negative-Going 
13.0 
45.0 
12.0 
50.0 
ns 
433-c,d 
TOS to Positive-Going 
ORE 


tpHL 
Propagation 
Delay, Positive- 
4.0 
22.0 
4.0 
23.0 
Going PL to Negative-Going 
IRF 
ns 
433-g,h 
tpLH 
Propagation 
Delay, Negative- 
7.0 
31.0 
6.0 
35.0 
Going PL to Positive-Going 
IRF 


tpLH 
Propagation 
Delay, 
9.0 
38.0 
8.0 
44.0 
ns 
Positive-Going 
OES to ORE 


tpLH 
Propagation 
Delay Positive-IRF 
5.0 
25.0 
5.0 
27.0 
ns 
433-h 
Going IES to Positive-Going 


tPHL 
Propagation 
Delay 
7.0 
28.0 
7.0 
31.0 
ns 
MRtoORE 


tpLH 
Propagation 
Delay 
5.0 
27.0 
5.0 
30.0 
MRto 
IRF 
ns 


tpZH 
Enable Time 
1.0 
16.0 
1.0 
18.0 


tpZL 
OE to 00-03 
1.0 
14.0 
1.0 
16.0 
ns 
tpHZ 
Disable Time 
1.0 
10.0 
1.0 
12.0 


tpLZ 
OE to 00-03 
1.0 
23.0 
1.0 
30.0 


tpZH 
Enable Time 
1.0 
10.0 
1.0 
12.0 


tpZL 
Negative-Going 
OES to Os 
1.0 
14.0 
1.0 
15.0 
ns 


tPHZ 
Disable Time 
1.0 
10.0 
1.0 
12.0 


tPLZ 
Negative-Going 
OES to Os 
1.0 
14.0 
1.0 
16.0 


tpZH 
Enable Time 
1.0 
35.0 
1.0 
42.0 


tpZL 
TOSto 
Os 
1.0 
35.0 
1.0 
39.0 
ns 


tDFT 
Fall-Through 
Time 
0.2 
0.9 
0.2 
1.0 
ns 
433-1 


tAP 
Parallel Appearance 
Time 
-20.0 
-2.0 
-20.0 
-2.0 
ORE to 00-03 
ns 
tAS 
Serial Appearance 
Time 
-20.0 
5.0 
-20.0 
5.0 
ORE to Os 


AC Operating 
Requirements 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S 


oC 
TA. Vcc = Mil 
TA. VCC = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Mln 
Max 
Min 
Max 
Min 
Max 


ts(H) 
Setup Time, HIGH or LOW 
7.0 
7.0 


ts(L) 
Ds to Negative 
CPSI 
7.0 
7.0 
433-a,b 
ns 


thlH) 
Hold Time, HIGH or LOW 
2.0 
2.0 


thlL) 
DSto 
CPSI 
2.0 
2.0 


ts(L) 
Setup Time, LOW TIS 
to 
0.0 
0.0 
ns 
433-a,b,g,h 
IRF, Serial or Parallel Mode 


tslL) 
Setup Time, LOW Negative-Going 
0.0 
0.0 
ns 
433-c,d 
ORE to Negative-Going 
TOS 


ts(L) 
Setup Time, LOW Negative- 
8.0 
9.0 
ns 
Going IES to CPSI 
433-b 


tslL) 
Setup Time, LOW Negative- 
30.0 
33.0 
ns 
Going TIS 
to CPSI 


ts(H) 
Setup Time, HIGH or LOW 
0.0 
0.0 


ts(L) 
Parallel 
Inputs to PL 
0.0 
0.0 
ns 
thlH) 
Hold Time, HIGH or LOW 
4.0 
4.0 


thlL) 
Parallel 
Inputs to PL 
4.0 
- 
4.0 


twlH) 
CPSI Pulse Width 
10.0 
11.0 
433-a,b 
tw(Ll 
HIGH or LOW 
5.0 
6.0 
ns 


tw(H) 
PL Pulse Width, 
HIGH 
7.0 
9.0 
ns 
433-g,h 


tw(Ll 
TIS 
Pulse Width, 
LOW 
7.0 
9.0 
433-a,b,c,d 
Serial or Parallel Mode 
ns 


twlL) 
MR Pulse Width, 
LOW 
7.0 
9.0 
ns 
433-1 


twlH) 
TOP Pulse Width 
14.0 
16.0 


twlL) 
HIGH or LOW 
7.0 
7.0 
ns 
433-e 


twlH) 
CPSO Pulse Width 
14.0 
16.0 


twILl 
HIGH or LOW 
7.0 
7.0 
ns 
433-c,d 


tree 
Recovery 
Time 
8.0 
15.0 
433-1 
MR to Any Input 
ns 


• 


Conditions: 
Stack not full, IES, PL LOW 


FIGURE 433-a. Serial Input, Unexpanded or Master Operation 


Conditions: 
Stack not full, 'iES HIGH when initiated, PL LOW 


FIGURE 433-b. Serial Input, Expanded Slave Operation 


Conditions: 
Data in stack, TOP HIGH, IES LOW when initiated, DES LOW 


FIGURE 433-c. Serial Output, Unexpanded or Master Operation 


CPSO 
1.5V 


Os 


ORE 


ros 
1.5V 


TL/F/9544-18 
Conditions: 
Data in stack, TOP HIGH, ~ 
HIGH when initiated 
FIGURE 
433·d. 
Serial 
Output, 
Slave 
Operation 


Conditions: iES LOW when initiated, DE, CPSO LOW; data available in stack 
FIGURE 
433-e. 
Parallel 
Output, 
4·8ft 
Word 
or Master 
in Parallel 
Expansion 
~--C:'=J~~v 


PL 
-t-,,-3-- ..'_.5_V 
_ 


~ 
tOFT---~r_ 


00-03 
7L.5V 


Conditions: m 
connected 
to fi'il'. ros connected 
to illlE, rES, OES, CE, CPSO LOW, TOP HIGH 
FIGURE 
433-'. 
Fall Through 
Time 
• 


TIS 


(note 2) 


Conditions: 
Stack not full. IES LOW when initialized 


FIGURE 
433-g. 
Parallel 
Load 
Mode, 
4-Bit Word 
(Unexpanded) 
or Master 
in Parallel 
Expansion 


Conditions: 
Stack not full, device initialized (Note 1) with 1ES HIGH 


FIGURE 
433-h. 
Parallel 
Load, 
Slave 
Mode 


Note 
1: Initialization 
requires a master reset to occur after power has been applied. 


Note 2: m normally connected 
to IRF. 


Note 3: If stack is full, IRF will stay LOW. 


~National 
~ 
semiconductor 


54F/74F521 
a-ait Identity Comparator 


General Description 
The 'F521 is an expandable a-bit comparator. It compares 
two words of up to eight bits each and provides a LOW 
output when the two words match bit for bit. The expansion 
input TA~B also serves as an active LOW enable input. 


Features 
• 
Compares two a-bit words in 6.5 ns typ 
• 
Expandable to any word length 
• 
20-pin package 


Connection 
Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


TA=B 
1 
20 
Vcc 
Ao 
2 
19 
°A=B 
Bo 
3 
18 
B7 


Al 
4 
17 
A7 


B1 
5 
16 
Bs 
TlIF/9545-1 
A2 
6 
15 
As 


B2 
7 
14 
B5 


A3 
8 
13 
As 


B3 
9 
12 
B4 


GND 
10 
11 
A4 
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Pin Assignment 
for LCC 


A3 B2 Az B1 Al 


[[J[Z][[]rnm 


B3 lID 
[IlBo 
GNO I]]] 
[lJAo 
A4 [jJJ 
IT] TA=B 
B41!1l 
~Vcc 


As InI 
[j]]°A=B 


[j]J§[j]][Z]ij]J 


BsAsBsA7~ 


TlIF/9545-4 
TL/F/9545-3 • 


7 
lP=Q 
o 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
'OH/IOL 


Ao-A7 
Word A Inputs 
1.0/1.0 
20,.,.A/-0.6mA 


SO-S7 
Word S Inputs 
1.0/1.0 
20 ,.,.A/-0.6 
mA 


iA~B 
Expansion 
or Enable 
Input (Active 
LOW) 
1.0/1.0 
20 ,.,.A/ -0.6 
mA 


OA=B 
Identity Output (Active 
LOW) 
50/33.3 
-1 
mA/20 
mA 


Inputs 
Output 
iA~ B 
A,S 
OA ~ B 


L 
A = S* 
L 


L 
A*S 
H 
H 
A = S* 
H 
H 
A*S 
H 


Ao---- 
Bo---t>o 


A,------B1---t>o 


AS------ 
Bs---t>o 


A6------ 
B6---t>o 


A7----- 
B7---t>o 


TA=B 


H = HIGH Voltage Level 
L ~ 
LOW Voltage Level 


'Ao ~ 
Bo, A, 
~ 
B" 
A2 = B2' etc. 


TLiF/9545-5 


Please 
note that this diagram 
is provided 
only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55°C to + 125°C 
Storage 
Temperature 
- 65°C to + 150°C 
Commercial 
O°Cto 
+ 70°C 


Ambient 
Temperature 
under Bias 
- 55°C to + 125°C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55°C to + 175°C 
Military 
+ 4.5V to + 5.5V 


VCC Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 


TRI-STATE@Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


Vco 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
/LA 
Current 
74F 
5.0 
Max 
VIN = 2.7V 


IBVI 
Input HIGH Current 
54F 
100 
/LA 
Breakdown 
Test 
74F 
7.0 
Max 
VIN = 7.0V 


ICEX 
Output 
HIGH 
54F 
250 
/LA 
Leakage 
Current 
74F 
50 
Max 
VOUT = VCC 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9/LA 


Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
/LA 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10S 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
21 
32 
mA 
Max 
Vo = HIGH 
• 


74F 
54F 
74F 


TA = +25'C 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
Units 


CL = 50pF 
CL = 50pF 
CL = 50 pF 
No. 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
3.0 
7.0 
10.0 
3.0 
14.0 
3.0 
11.0 


tpHL 
An or Sn to OA=B 
4.5 
7.0 
10.0 
4.0 
15.0 
4.0 
11.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
3.0 
5.0 
6.5 
3.0 
8.5 
3.0 
7.5 


tpHL 
iA~BtoOA~B 
3.5 
6.5 
9.0 
3.5 
13.5 
3.5 
10.0 
ns 
2-3 


~National 
~ 
semiconductor 


54F/74F524 
8-Bit Registered Comparator 


General Description 


The 'F524 
is an 8-bit bidirectional 
register 
with parallel 
input 
and 
output 
plus 
serial 
input 
and 
output 
progressing 
from 
LSB to MSB. All data inputs, 
serial and parallel, 
are loaded 
by the rising edge 
of the input clock. 
The device 
functions 
are controlled 
by two control 
lines (So, S1) to execute 
shift, 
load, hold and read out. 


An 8-bit comparator 
examines 
the data stored 
in the regis- 


ters and on the data bus. Three 
true-HIGH, 
open-collector 
outputs 
representing 
'register 
equal to bus', 'register 
greater 
than 
bus' and 'register 
less than 
bus' are provided. 
These 
outputs 
can 
be disabled 
to the 
OFF 
state 
by the 
use of 
Status 
Enable 
(SE). A mode control 
has also been provided 


to allow 
twos 
complement 
as well as magnitude 
compare. 


Linking 
inputs 
are provided 
for expansion 
to longer 
words. 


Features 


• 
8·Bit bidirectional 
register 
with bus-oriented 
input-output 


• 
Independent 
serial 
input-output 
to register 


• 
Register 
bus 
comparator 
with 
'equal 
to', 
'greater 
than' 


and 'less than' 
outputs 


• 
Cascadable 
in groups 
of eight 
bits 


• 
Open-collector 
comparator 
outputs 
for AND-wired 
expansion 


• 
Twos 
complement 
or magnitude 
compare 


Ordering Code: 
See Section 
5 


Logic Symbols 


Pin Assignment 
for 
DIP, SOIC and Flatpak 


LT 
So 
1 
20 
Va: 


GT 
1/°0 
2 
" 
5, 


EO 
I/0, 
3 
18 
SE 


I/0, 
• 
17 
C/SI 


I/0, 
5 
16 
C/50 


I/0. , 
15 
EO 


TLIF/9546-1 
1/°5 
7 
•• 
GT 


I/O, 
8 
'3 
IT 
IEEE/IEC 
I/o, 
• 
12 • 


OND 
lD 
11 
CP 


~=~l~ 
So 
o 
a 
l=READ 
TLiF/9546-2 
} "3' 
2=SHln 
5, 
I 
3=lOAO 


CP 
<4/2 •••• 


•••5 WAGNITUD£ 
•••6 TWO'S 


COWPLEWENT 


C/51 
2D 
C/SO 
SE 


1/00 
IT 


I/O, 
GT 
I/0, 
EO 


I/0, 


I/0. 


1/°5 
I/0, 
I/o, 


TLiF /9546-4 


Pin Assignment 
for LCC 


vo.'/"sl/o.l/o,l/Oz 


[!][z)[!)rnm 
1~~:O~:j~: 


CP[!] 
OJ So 


w ~ 
~VCC 


LT!j] 
[IDS1 


1Bl~[lj~1!lI 


GT Ell C/SO CIS 5[ 


• 


54F174F 


Pin Names 
Description 
U.L. 
Input I'H/I'L 
HIGH/LOW 
Output 
IOH/IOL 


SO,S1 
Mode Select 
Inputs 
1.0/1.0 
20 1JoA/-0.6 
mA 
CISI 
Status 
Priority or Serial Data Input 
1.0/1.0 
20 1JoA/-0.6 
mA 
CP 
Clock Pulse Input (Active 
Rising Edge) 
1.0/1.0 
20 1JoA/-0.6 
mA 


SE 
Status 
Enable 
Input (Active 
LOW) 
1.0/1.0 
20 1JoA/-0.6 
mA 
M 
Compare 
Mode Select 
Input 
1.0/1.0 
20 1JoA/- 0.6 mA 
1/00-1107 
Parallel 
Data Inputs or 
3.5/1.083 
70 1JoA/-0.65 
mA 
TRI-STATE@ 
Parallel Data Outputs 
150/40 (33.3) 
-3 mA/24 mA (20 mAl 
CISO 
Status 
Priority or Serial Data Output 
50/33.3 
-1 
mA/20 
mA 
LT 
Register 
Less Than Bus Output 
OC·/33.3 
'/20 
mA 
EO 
Register 
Equal Bus Output 
OC·/33.3 
'/20 
mA 
GT 
Register 
Greater 
Than Bus Output 
OC·/33.3 
'/20 
mA 


Functional Description 


The 
'F524 
contains 
eight 
D-type 
flip-flops 
connected 
as a 
shift register 
with provision 
for either 
parallel 
or serial 
load- 


ing. Parallel 
data may be read from or loaded 
into the regis- 


ters via the data bus 1/00-1/07. 
Serial data is entered 
from 
the CISI 
input and may be shifted 
into the register 
and out 
through 
the CISO output. 
Both parallel 
and serial data entry 
occur on the rising edge of the input clock 
(CP). The opera- 
tion of the shift register 
is controlled 
by two signals 
So and 
S1 according 
to the Select Truth Table. The TRI-STATE 
par- 
allel output 
buffers 
are enabled 
only in the Read mode. 


One port of an 8-bit comparator 
is attached 
to the data bus 
while 
the 
other 
port 
is tied 
to the 
outputs 
of the 
internal 
register. 
Three 
active-OFF, 
open-collector 
outputs 
indicate 
whether 
the contents 
held in the shift 
register 
are 'greater 
than', 
(GT), 'less than' 
(LT), or 'equal 
to' 
(EQ) the data on 
the input bus. A HIGH signal on the Status 
Enable (SE) input 
disables 
these 
outputs 
to the 
OFF 
state. 
A mode 
control 
input (M) allows 
selection 
between 
a straightforward 
magni- 
tude 
compare 
or a comparison 
between 
twos 
complement 
numbers. 


For 'greater 
than' 
or 'less 
than' 
detection, 
the 
CISI 
input 
must be held HIGH, as indicated 
in the Status 
Truth Table. 


The internal 
logic is arranged 
such that a LOW signal on the 
CISI 
input 
disables 
the 
'greater 
than' 
and 
'less 
than' 
out- 
puts. The CISO output 
will be forced 
HIGH if the 'equal 
to' 


status 
condition 
exists, 
otherwise 
CISO will be held LOW. 


These 
facilities 
enable 
the 'F524 
to be cascaded 
for word 
length 
greater 
than eight bits. 


Word 
length 
expansion 
(in 
groups 
of 
eight 
bits) 
can 
be 
achieved 
by connecting 
the CISO output of the more signifi- 
cant by1e to the CISI 
input of the nex1 less significant 
by1e 
and also to its own SE input (see Figure 
1). The CISI 
input 
of the 
most 
significant 
device 
is held 
HIGH 
while 
the 
SE 
input of the least significant 
device 
is held LOW. The corre- 
sponding 
status 
outputs 
are 
AND-wired 
together. 
In the 
case of twos complement 
number 
compare, 
only the Mode 
input 
to the 
most 
significant 
device 
should 
be HIGH. 
The 
Mode 
inputs to all other 
cascaded 
devices 
are held LOW. 


Suppose 
that an inequality 
condition 
is detected 
in the most 
significant 
device. 
Assuming 
that the by1e stored 
in the reg- 
ister is greater than the by1e on the data bus, the EQ and LT 
outputs 
will 
be 
pulled 
LOW 
and 
the 
GT 
output 
will 
float 
HIGH. Also the CISO output 
of the most significant 
device 
will be forced 
LOW, 
disabling 
the subsequent 
devices 
but 
enabling 
its own status outputs. 
The correct 
status condition 
is thus indicated. 
The same applies 
if the registered 
by1e is 
less than 
the data 
by1e, only 
in this 
case 
the 
EQ and GT 
outputs 
go LOW and LT output 
floats 
HIGH. 


If an equality 
condition 
is detected 
in the 
most 
significant 
device, 
its CISO output 
is forced 
HIGH. 
This 
enables 
the 
next less significant 
device 
and also disables 
its own status 
outputs. 
In this 
way, 
the 
status 
output 
priority 
is handed 
down 
to the 
nex1 less significant 
device 
which 
now 
effec- 
tively 
becomes 
the 
most 
significant 
by1e. The 
worst 
case 
propagation 
delay for a compare 
operation 
involving 
'n' cas- 
caded 
'F524s 
will be when an equality 
condition 
is detected 
in all but the least 
significant 
by1e. In this case, 
the status 
priority 
has to ripple all the way down 
the chain 
before 
the 
correct 
status 
output 
is established. 
Typically, 
this will take 
35 + 6(n-2) 
ns. 


50 
51 
Operation 


L 
L 
Hold-Retains 
Data in Shift Register 


L 
H 
Read-Read 
Contents 
in Register 
onto 


Data Bus, Data Remains 
in 


Register 
Unaffected 
by Clock 


H 
L 
Shift-Allows 
Serial Shifting 
on Nex1 


Rising Clock Edge 


H 
H 
Load-Load 
Data on Bus 


into Register 


M 
Operation 


L 
Magnitude 
Compare 


H 
Twos Complement 
Compare 


GREATER THAN 


EOUAL TO 


LESS THAN 


Status Truth Table 
(Hold 
Mode) 


Inputs 
Outputs 


SE 
CISI 
Data Comparison 
EO 
GT 
LT 
CISO 


H 
H 
X 
H 
H 
H 
1 
H 
L 
X 
H 
H 
H 
L 
L 
L 
0A-OH> 
1/°0-1107 
L 
H 
H 
L 
L 
L 
0A-OH = 1/°0-1/07 
H 
H 
H 
L 


L 
L 
0A-OH < 1/00-1/07 
L 
H 
H 
L 
L 
H 
0A-OH> 
1/°0-1/°7 
L 
H 
L 
L 
L 
H 
0A-OH = 1/00-1/07 
H 
L 
L 
H 
L 
H 
OA-OH < 1/°0-1/°7 
L 
L 
H 
L 


1 = HIGH if data are equal, otherwise LOW 
H - 
HIGH Voltage Level 
L ~ 
LOW Vollage Level 


X = Immaterial 


H=TWO'S COMPLEMENT 


L=MAGNITUDE 


M 
GT 
EO 
LT 
SE 


CISO 


S, 
I/O 


GT 
EO 
LT 
SE 


C/SI 
CISO 


So 
Sl 
I/o 


GT 
EO 
LT 
SE 


1 I 
'1..k. 


1 
fI 
.....• ~ 
~ 
fI 
.....• ~ 
~ 
fI 
.....• ~ 


A 
°A 
Ao 


8 
Os 
Al 


C 
a-81T 
°c 
A2 


SHIFT 
D 
REGISTER 
°D 
A3 


E 
°E 
A. 


r 
Or 
As 


G 
~ 
°G 
A6 
~ 
"" 
c 
c t: 


"" 
~ 
H '" 
..• ~ ~ Ii: 
°H - 
~D- 


<3 
g ~ 
- 
A7 
~~ 
0u 


80 
Iii 
I 


8, 
"" 


82 


83 


8. 


85 


86 
-~D-87 
LT 
EO GT 


LOAD 
I 
"t' 
HOLD 
~~ 
2TD' 
SHIFT 
DECODE 
r-L-J" 
READ 
~7 


.-I 
~ 


A 


8 
WUX 


S 
C/SO 


I 


Notes: 


1. TRI-STATE 
Output 


2. Open-Collector Output 


Absolute Maximum Ratings 
(Note 1) 


If Military/Aerospace 
specified devices are required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors for availability and specifications. 


Storage 
Temperature 
- 65·C to + 150·C 


Ambient 
Temperature 
under Bias 
-55·C 
to + 125·C 


Junction 
Temperature 
under Bias 
-55·C 
to + 175·C 


Vcc 
Pin Potential 
to 
Ground 
Pin 


Input Voltage 
(Note 2) 


Input Current 
(Note 2) 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc 
= OV) 
Standard 
Output 
TRI-STATE 
Output 


Current 
Applied 
to Output 
in LOW State (Max) 


Recommended 
Operating 
Conditions 


Free Air Ambient 
Temperature 
Military 
Commercial 


Supply 
Voltage 
Military 
Commercial 


-55·C 
to + 125·C 
O·Cto 
+70·C 


+ 4.5V to + 5.5V 
+ 4.5V to + 5.5V 


-0.5Vto 
+7.0V 


-0.5V 
to + 7.0V 


-30 
mA to +5.0 
mA 


-0.5V 
to Vcc 
- 0.5V to + 5.5V 


Note 1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operattan under 


these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
54F 10% Vcc 
2.4 
10H = -3 
mA 


74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 10% Vcc 
2.4 
10H = -3mA 


74F5% 
Vcc 
2.7 
10H = -1 
mA 


74F5% 
Vcc 
2.7 
10H = -3 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
10L = 20 mA (I/On) 
Voltage 
74F 10% Vcc 
0.5 
V 
Min 
'OL = 20 mA (I/On) 


74F 10% Vcc 
0.5 
10L = 24 mA (LT, GT, EO, C/SO) 


IIH 
Input HIGH 
54F 
20.0 
,...A 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
,...A 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
,...A 
Max 
VOUT = Vcc 
Leakage 
Current 
74F 
50 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9,...A 


Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
,...A 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


IIH + 'OZH 
Output 
Leakage 
Current 
70 
,...A 
Max 
VI/O = 2.7V 


IlL + 
10ZL 
Output 
Leakage 
Current 
-650 
,...A 
Max 
VI/O = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


Symbol 
Parameter 
S4F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


IOHC 
Open Collector, 
Output 
250 
I'-A 
Min 
VOUT = VCC 


OFF Leakage 
Test 


ICCH 
Power Supply Current 
128 
180 
mA 
Max 
Va = HIGH 


feCL 
Power Supply Current 
128 
180 
mA 
Max 
Va = LOW 


Iccz 
Power Supply Current 
128 
180 
mA 
Max 
Va = HIGHZ 


74F 
S4F 
74F 


TA = +2S 


oC 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = 50 pF 
Units 
No. 
CL = SOpF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


fmax 
Maximum 
Shift Frequency 
50 
75 
50 
MHz 
2-1 


tpLH 
Propagation 
Delay 
9.0 
16.5 
20.0 
9.0 
21.0 


tpHL 
II0nto 
EO 
5.0 
9.5 
12.0 
5.0 
13.0 


tpLH 
Propagation 
Delay 
8.5 
14.1 
19.0 
8.5 
20.0 
2-3 
tpHL 
I/On toGT 
6.5 
13.0 
16.5 
6.5 
17.5 
ns 


tpLH 
Propagation 
Delay 
7.0 
15.5 
20.0 
7.0 
21.0 


tpHL 
I/On to LT 
4.5 
10.0 
14.0 
4.5 
15.0 


tpLH 
Propagation 
Delay 
8.0 
15.2 
19.5 
8.0 
20.5 


tpHL 
liOn toCISO 
6.0 
12.5 
16.0 
6.0 
17.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
10.0 
20.0 
25.0 
10.0 
26.0 


tpHL 
CPto 
EO 
4.0 
8.5 
16.5 
4.0 
17.5 


tpLH 
Propagation 
Delay 
10.0 
16.5 
21.0 
10.0 
22.0 
2-3 
tpHL 
CPtoGT 
8.5 
17.0 
22.0 
8.5 
23.0 
ns 


tpLH 
Propagation 
Delay 
9.0 
20.0 
25.0 
9.0 
26.0 


tpHL 
CPto 
LT 
5.5 
13.5 
17.0 
5.5 
18.0 


tpLH 
Propagation 
Delay 
8.5 
16.5 
21.0 
8.5 
22.0 
CP to C/SO 
(Load) 
ns 
2-3 
tpLH 
Propagation 
Delay 
5.0 
10.0 
13.0 
5.0 
14.0 


tpHL 
CP to C/SO 
(Serial Shift) 
4.5 
9.0 
11.5 
4.5 
12.5 


tpLH 
Propagation 
Delay 
9.0 
15.0 
19.0 
9.0 
20.0 


tpHL 
CISlto 
GT 
3.0 
6.5 
8.5 
3.0 
9.5 
ns 
2-3 
tpLH 
Propagation 
Delay 
8.0 
15.5 
20.0 
8.0 
21.0 


tpHL 
CIS I to LT 
3.5 
6.5 
8.5 
3.5 
9.5 


tpLH 
Propagation 
Delay 
6.5 
11.5 
14.5 
6.5 
15.5 


tpHL 
So. S1 to CISO 
5.5 
14.0 
18.0 
5.5 
19.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
3.5 
8.0 
10.5 
3.5 
11.5 


tpHL 
SEtoEO 
2.5 
6.0 
8.0 
2.5 
9.0 


tpLH 
Propagation 
Delay 
6.5 
12.5 
16.0 
6.5 
17.0 


tpHL 
SEtoGT 
3.5 
6.0 
8.0 
3.5 
9.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
5.0 
10.5 
13.5 
5.0 
14.5 


tPHL 
SEto 
LT 
3.5 
6.0 
8.0 
3.5 
9.0 


tpLH 
Propagation 
Delay 
4.0 
8.5 
11.0 
4.0 
12.0 


tpHl 
CISI toC/SO 
4.0 
8.5 
11.0 
4.0 
12.0 
ns 
2-3 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Units 


CL = SOpF 
CL = SO pF 
CL = SOpF 
No. 


Mln 
Typ 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
8.0 
15.0 
19.5 
8.0 
20.5 


tpHL 
MtoGT 
6.0 
12.0 
15.5 
6.0 
16.5 
2-3 
ns 


tpLH 
Propagation 
Delay 
8.0 
17.0 
22.0 
8.0 
23.0 


tpHL 
MtoLT 
4.5 
9.5 
12.0 
4.5 
13.0 


tPLH 
Propagation 
Delay 
15.0 
25.0 
33.0 
15.0 
35.0 


tpHL 
So, S1 to EO 
9.0 
15.0 
19.0 
9.0 
20.0 


tpLH 
Propagation 
Delay 
10.5 
18.0 
23.0 
10.5 
24.0 
2-3 


tpHL 
So, S1 to GT 
10.5 
18.0 
23.0 
10.5 
24.0 
ns 


tpLH 
Propagation 
Delay 
13.0 
22.0 
28.0 
13.0 
30.0 


tpHL 
So, S1 to LT 
12.0 
19.0 
24.0 
12.0 
25.0 


tpZH 
Output 
Enable Time 
4.5 
10.0 
13.0 
4.5 
14.0 


tpZL 
So, S1 to liOn 
5.5 
11.0 
15.0 
5.5 
16.0 
2-5 
ns 
tpHZ 
Output 
Disable Time 
3.5 
8.0 
12.0 
3.5 
13.0 


tpLZ 
So, S1 to liOn 
4.5 
9.6 
12.5 
4.5 
13.5 


AC Operating 
Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Min 
Max 
Min 
Max 
Mln 
Max 


ts(H) 
Setup Time, HIGH or LOW 
6.0 
6.0 


ts(L) 
I/0ntoCP 
6.0 
6.0 
2-6 
ns 
th(H) 
Hold Time, HIGH or LOW 
0 
0 


th(L) 
I/0ntoCP 
0 
0 


ts(H) 
Setup Time, HIGH or LOW 
10.0 
10.0 
ts(L) 
So or S1 to CP 
10.0 
10.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
0 
0 
th(L) 
SOorS1 
toCP 
0 
0 


ts(H) 
Setup Time, HIGH or LOW 
7.0 
7.0 
ts(L) 
CIS I toCP 
7.0 
7.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
0 
0 
th(L) 
C/SltoCP 
0 
0 


tw(H) 
Clock Pulse Width, 
HIGH 
5.0 
5.0 
ns 
2-4 


~National 
~ 
semiconductor 


54F/74F525 
Programmable Counter 


General Description 


The 'F525 
is a multi-function 
28-pin 
device. 
It consists 
of a 
16-bit count-down 
counter, 
logic to control 
the counter, 
logic 
to control 
the state of the outputs 
and a PLA to decode 
the 


particular 
function 
selected 
by the 
user. 
The 
list of high- 


speed 
timing 
applications 
include: 


Features 


• 
Baud rate generator 


• 
Digitally 
programmed 
monostable 


• 
Variable 
system 
frequency 
generator 


• 
Digital filter variable 
sampling 
rate 


• 
16-bit data path 


• 
External 
trigger 
• 
Extremely 
accurate 
one 
shot 
w/pulse 
widths 
from 
50 ns to 3.27 ms @CP = 40 MHz 


Connection 
Diagrams 


Pin Assignment 
DIP, SOIC and Flatpak 


0/2 
1 
28 
Vcc 


0 
2 
27 
~2 


XTR 
3 
26 
~1 


00 
4 
25 
~o 


0, 
5 
24 
0,5 
O2 
6 
23 
01, 


03 
7 
22 
013 
TLIF/9547-1 
0, 
8 
21 
012 


05 
9 
20 
011 
06 
10 
19 
0,0 
~ 
11 
18 
09 


WE 
12 
17 
08 


XTAL 
13 
16 
i,lR 


GNO 14 
15 
cp 


Tl/F/9547-2 


Pin Assignment 
for LCC and PCC 


~ 06 05 0, 03 O20, 
(j] [j]] rn ~HZ] rn rn 


WEfflJ 
moo 


XTAL InI 
IT] XTR 
GNO~ 
(II 00 
CP Ij]J 
OJ °0/2 
i,lR1j]j 
~VCC 
08[!] 
~~2 
°91j]j 
~~1 


[j]]~gj)~~~~ 


0'00,,0'20'30,,0'5 
~o 
Tl/F/9547-3 


4-402 


54F/74F 


Pin Names 
Description 
U.L. 
Input 
IIHIIIL 


HIGH/LOW 
Output 
IOH/IOL 


0 
Ouput (Primarily 
indicates 
when 
50/33.3 
-1 
mA/20mA 


the counter 
has reached 
zero) 
0/2 
Output 
(Divides 0 by 2) 
50/33.3 
-1 
mA/20mA 


Mo-M2 
Status 
Inputs 
1.0/1.0 
20 )J-A/-0.6 
mA 


MR 
Master 
Reset 
1.0/1.0 
20 )J-A/-0.6 
mA 


CP 
Clock Pulse 
1.0/2.0 
20 )J-A/-1.2 
mA 


00-015 
Data Inputs 
1.0/1.0 
20 )J-A/-0.6 
mA 


WE 
Write Enable 
Input 
1.0/1.0 
20 )J-A/- 
0.6 mA 


XTR 
External 
Trigger 
Input 
1.013.0 
20 )J-A/-1.8 
mA 


XTAL 
Crystal Output 
1.0/1.0 
20)J-A/-0.6mA 


Functional Description 


The 
multi-function 
aspect 
of the 
device 
consists 
of eight 
different 
modes 
of operation. 
An explanation 
of the opera- 
tion of the device 
in each 
of the modes 
follows. 
However, 
there 
is one operation 
that 
is independent 
of the selected 
mode: the loading 
of data. Data is latched 
into a set of data 
latches 
when 
WE is brought 
from 
a LOW to a HIGH state. 
The latches 
are transparent 
when 
WE is held LOW. 


Operation 
Notes: 


1. Device 
should 
be reset before 
operation. 


2. The XTR input acts as a select 
line for the clock. 


3. With XTR low, the clock 
goes into the counter. 


4. With XTR high, the clock 
loads the counter. 


5. In mode 4 and 5, during counting, 
the counter 
cannot 
be 
reloaded. 
XTR high freezes 
the count. 


6. Mode 
7 is the 
only 
auto-reload 
mode, 
all other 
modes 
require 
and XTR pulse to begin. 


7. Loading 
0 into the latches 
idles the device. 


MODE 0: Interval 
Timer 
with 
Level 
Output 


While 
XTR is HIGH, the data in the data 
latches 
is loaded 
into 
the 
counter 
upon 
the 
next 
positive 
edge 
of CPo The 
negative 
edge of XTR enables 
the count-down 
to begin with 
the next positive 
edge of CPo When the count reaches 
zero, 


0, 
normally 
LOW, 
is brought 
HIGH and Q/2 
toggles 
state. 


Taking 
XTR HIGH at any time enables 
the data in the data 
latches 
to be loaded 
into the counter 
on the rising edge of 
CP and clears 
O. See Figure 
1. 


MODE 
1: Interval 
Timer 
with 
Inverted 
Level 
Output 


The operation 
is exactly 
the same as in Mode 0 except 
that 
o is normally 
HIGH and goes LOW when the count reaches 
zero. 0/2 toggles 
on the negative-edge 
of O. See Figure 
1. 


MODE 
2: Interval 
Timer 
with 
Pulse 
Output 


While 
XTR is HIGH, the data 
in the data latches 
is loaded 
into the 
counter 
upon 
the 
next 
positive 
edge 
of CPo The 
negative 
edge of XTR enables 
the count-down 
to begin with 
the 
next 
positive 
edge 
of 
CPo When 
the 
count 
reaches 


zero, 0, normally 
LOW, is brought 
HIGH for a single 
period 
of CPo 0/2 toggles 
state on the positive 
edge of O. Taking 
XTR HIGH at any time causes 
the data in the data 
latches 
to be loaded 
into the counter 
on the rising edge of CP and 
clears 
O. See Figure 2. 


MODE 3: Interval 
Timer 
with 
Inverted 
Pulse 
Output 


The operation 
is exactly 
the same as in Mode 2 except 
that 
o is normally 
HIGH and goes LOW for a single period of CPo 
0/2 toggles 
on the negative 
edge of O. See Figure 2. 


Function 
Table 


M2 
M1 
Mo 
Function 


0 
0 
0 
Mode 0 


0 
0 
1 
Mode 1 
0 
1 
0 
Mode 2 


0 
1 
1 
Mode 3 
1 
0 
0 
Mode 4 
1 
0 
1 
Mode 5 
1 
1 
0 
Mode 6 
1 
1 
1 
Mode 7 


MODE 4: Interval 
Timer, 
Pulse 
Output 
with 
Count 
Hold 


While 
XTR is HIGH, the data 
in the data 
latches 
is loaded 
into the 
counter 
upon 
the 
next 
positive 
edge 
of CPo The 
negative 
edge of XTR enables 
the count-down 
to begin with 
the next positive 
edge of CPo When the count 
reaches 
zero, 


0, normally 
low, is brought 
HIGH for a single 
period 
of CPo 
0/2 
toggles 
state 
on the positive 
edge 
of O. Taking 
XTR 
HIGH before the counters 
reach zero, stops the count-down 
from the point where 
it was held. Data cannot 
be reloaded 


into the counter 
until a count of zero is reached. 
See Figure 
3. 


MODE 
5: 
Interval 
Timer, 
Inverted 
Pulse 
Output 
with 
Count 
Hold 


The operation 
is exactly 
the same as Mode 4 except 
that 0 
is normally 
HIGH and goes 
LOW for a single 
period 
of CPo 


0/2 
toggles 
on the negative-edge 
of O. See Figure 
3. • 


Functional Description 
(Continued) 


MODE 
6: Retriggerable 
Synchronous 
One-Shot 


When 
XTR is HIGH, the data in the data latches 
is loaded 
into the counter 
upon the positive 
edge of CPo The negative 
edge of XTR enables 
the count-down 
to begin with the next 
positive 
edge 
of 
CP, 
wehre 
0, 
normally 
LOW, 
is then 
brought 
HIGH 
and 
the 
counter 
is decremented 
when 
the 
count 
reaches 
zero, 0 is brought 
LOW, and 0/2 
is toggled. 


Bringing 
XTR 
HIGH 
during 
the 
count-down 
will 
allow 
the 
data in the data latches 
to be loaded 
into the counter 
with 
the next positive 
edge of CP, but will not affect 
O. See Fig- 
ure 4. NOTE 
that 
the 
pulse 
width 
of 0 
will be N-1 clock 
cycles, 
where 
N is the 
number 
loaded 
into 
the 
counter. 


N = 1 should 
not be used as this may cause 
unpredictable 
results. 


COUNTER 
CONTROL 
LOGIC 


MODE 
7: Frequency 
Generator 


When 
XTR is HIGH, the data 
in the data latches 
is loaded 
into the counter 
upon the positive 
edge of CPo The negative 
edge of XTR enables 
the count-down 
to begin with the next 
positive 
edge of CPo When 
the count 
reaches 
zero, 0, nor- 


mally LOW, 
is brought 
HIGH for a single 
period 
of CP and 
0/2 
is toggled. 
The same 
clock 
edge that 
brings 
0 
HIGH, 


also loads the data in the data latches 
into the counter. 
The 
counter 
will start to count 
on the next positive 
edge 
of CPo 


This 
mode 
will 
run continuously 
after 
an initial 
XTR 
until 
stopped 
by MR. Taking 
XTR HIGH at any time causes 
the 
data in the data latches 
to be loaded 
into the counter 
and 0 
output 
to be cleared 
with the next positive 
edge of CPo See 
Figure 
5. 


OUTPUT 
STATE 
CONTROL 
LOGIC 


On ~XXXXXXXXXXXXXXXXXXXXX:::XXXXXXXXXX 


o 
1...------\Cfl_4 
_ 


Cf: 
_ 


0/2 :::::::::::::::::::::::X... 
_ 


<DWith XTR HiGH, the rising edge of CP loads data from the latches to the counter. 


<1>WithXTR LOW, the rising edge of CP begins count-down 
cycle. 


Q>When the count reaches zero, Q goes HIGH, and 0/2 
t09gles state. 


@The next occurrence 
of XTR clears Q. 


FIGURE 
1. MODE 0 and MODE 1 (Inverse 
Output 
of Mode 
0) 
Mn = 000,001 


On 


q; 
o 
r---\.. 
_ 


Cf: 


0/2 :::::::::::::::::::::::X:::::::::::::::::::::::::::::::::::::: 


<DWith XTR HIGH, the rising edge of CP loads data from the latches to the counter. 


<1>WithXTR LOW, the rising edge 01 CP begins the count·down 
cycle. 


a>When the count reaches zero, Q goes HIGH for one period of CP, and 0/2 
toggles state. 


FIGURE 
2. MODE 2 and MODE 3 (Inverse 
Output 
of Mode 
2) 


Mn = 010,011 


____________ 
Cfl["""""\ 
_ 


FIGURE 
3. MODE 4 and MODE 5 
Mn = 100,101 


<DWith XTR HIGH, the rising edge of CP loads data from the latches into the counter. 


(])With XTR LOW, the rising edge of CP begins the count-down. 


Q>With XTR HIGH, during count·down, 
the rising edge of CP does nothing. 


@When the count reaches zero, 0 goes HIGH for one clock cycle and 0/2 
toggles state. 


Note: Once the count reaches zero, the counter can be reloaded with XTR HIGH. 
• 


Timing 
Diagrams 
(Continued) 


XTR 
~ 
_ 


CP. 


On ~XXXXXXXXXXXXXXXXXXXXXXXXxx::xxxxxxxxxxx 


o 
j------------.~ 
~/---- 


0/2 :::::::::::::::::::::::::::::::::::::::::::*::::::::::::::::::::::::: 


FIGURE 
4. MODE 6 
Mn = 110 


<DWith XTR HIGH, the rising edge of CP loads data from the latches to the counter. 


CllWith XTR LOW, the rising edge of CP begins the count, and a goes HIGH. 


Q>When the count reaches zero, Q goes LOW, and 0/2 
toggles state. Bringing XTR HIGH before count reaches zero will reload the counter, but not affect 
Q. 


Notes: 


Loading N = 0 halts counter; loading N = 1 wilt result in undefined operation. 


Pulse width ~ (2/CP)' 
(N-1) 


On 2:XXXXXXXXXXXXXXX::::::XXXXXXXXXXXXXXX 


~ 
~ 
~ 
~ 
0 
1\ 
1\.... 
_ 


~ 
~ 


0/2 ::::::::::::::::::::X::::::::::::::::::::::::X::::::::::::::::::::::: 


FIGURE 
5. MODE 7 
Mn = 111 


CDWith XTR HIGH, the rising edge of CP, loads data from the latches to the counter. 


(l)On the falling edge of XTR, the rising edge of CP begins count-down. 


Q)When count reaches zero, Q goes HIGH for one period of CPt and 0/2 
toggles on the Q rising edge. 


@On the rising edge of CP on which Q goes LOW, the counters are reloaded. 


®Count-down 
begins again. 


-- 
I-ree Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+ 4.5V to + 5.5V 


VCC Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 
TRI-STATE~ 
Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 'OL (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


V,H 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


V,L 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
I'N = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
'OH = -1 
mA 
Voltage 
74F 10% Vcc 
2.5 
V 
Min 
'OH = -1 
mA 


74F 5% Vcc 
2.7 
'OH = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
'OL = 20 mA 
Voltage 
74F 10% Vcc 
0.5 
'OL = 20 mA 


I'H 
Input HIGH 
54F 
20.0 
JoLA 
Max 
V,N = 2.7V 
Current 
74F 
5.0 


'BVI 
Input HIGH Current 
54F 
100 
JoLA 
Max 
V,N = 7.0V 
Breakdown 
Test 
74F 
7.0 


'CEX 
Output 
HIGH 
54F 
250 
JoLA 
Max 
Your 
= Vcc 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
1,0 = 1.9JoLA 


Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
JoLA 
0.0 
V,OO = 150 mV 
Circuit Current 
All Other Pins Grounded 


I'L 
Input LOW Current 
-0.6 
mA 
Max 
V,N = 0.5V 


10S 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
Your 
= OV 


ICCH 
Power Supply Current 
106 
160 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
106 
160 
mA 
Max 
Vo = LOW 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S 


oC 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Cl = 50 pF 
Cl = SOpF 
Units 
No. 
Cl = 50 pF 


Mln 
Typ 
Max 
Min 
Max 
Mln 
Max 


fmax 
Maximum 
Clock Frequency 
50 
60 
40 
MHz 
2-1 


tpLH 
Propagation 
Delay 
9.0 
16.0 
20.5 
8.0 
22.5 
2-3 
ns 
tpHL 
CPtoO 
8.0 
12.0 
15.5 
7.0 
17.5 


tpLH 
Propagation 
Delay 
9.0 
15.5 
20.0 
8.0 
22.0 
2-3 
ns 
tpHL 
CP to 0/2 
10.0 
15.5 
20.0 
9.0 
22.0 


tpLH 
Propagation 
Delay 
8.5 
12.0 
15.5 
7.5 
17.5 
2-3 
ns 
tPHL 
XTRtoO 
6.0 
10.5 
13.5 
5.0 
15.0 


tpLH 
Propagation 
Delay 
11.5 
16.5 
21.0 
10.5 
23.0 
2-3 
MRtoO 
9.0 
12.5 
16.0 
8.0 
18.0 
ns 
tpHL 


tpLH 
Propagation 
Delay 
8.0 
14.0 
17.5 
7.0 
19.5 
2-3 
MRtoO/2 
7.0 
10.5 
13.5 
6.0 
15.0 
ns 
tpHL 


tpLH 
Propagation 
Delay 
10.0 
15.0 
19.0 
9.0 
21.0 
2-3 
tpHL 
MntoO 
10.5 
17.0 
21.5 
9.5 
23.5 
ns 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S 


oC 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Min 
Max 
Min 
Max 
Min 
Max 


ts(H) 
Setup Time, HIGH or LOW 
2.0 
2.5 
2-6 
ts(L) 
DntoWE 
4.0 
4.5 
ns 


th(H) 
Hold Time, HIGH or LOW 
0 
0 
th(L) 
DntoWE 
2.0 
2.5 
ns 
2-6 


ts(H) 
Setup Time, HIGH or LOW 
9.0 
10.0 


ts(L) 
Dn to CP 
10.5 
12.0 
ns 
2-6 


th(H) 
Hold Time, HIGH or LOW 
0 
0 
th(L) 
Dn to CP 
0 
0 
ns 
2-6 


ts(H) 
Setup Time, HIGH or LOW 
7.0 
8.0 
ts(L) 
XTRtoCP 
8.0 
9.0 
ns 
2-6 


th(H) 
Hold Time, HIGH or LOW 
0 
0 
2-6 
XTRtoCP 
ns 


ts(H) 
Setup Time, HIGH or LOW 
33.5 
35.5 
ts(L) 
Mode to CP 
33.5 
35.5 
ns 
2-6 


tw(H) 
XTR Pulse Width, 
HIGH 
11.5 
13.0 
ns 
2-4 


twILl 
MR Pulse Width, 
LOW 
7.0 
8.0 
ns 
2-4 


twILl 
WE Pulse Width, 
LOW 
4.5 
5.0 
ns 
2-4 


tw(H) 
CP Pulse Width 
3.5 
4.0 


twILl 
HIGH or LOW 
9.5 
10.5 
ns 
2-4 


tree 
Recovery 
Time 
5.0 
6.0 
2-6 
MRtoCP 
ns 


tree 
Recovery 
Time 
30.0 
32.0 
ns 
2-6 
ModetoCP 


~National 
~ 
semiconductor 


54F/74F533 
Octal Transparent 
Latch with TRI-STATE® Outputs 


General Description 


The 'F533 consists 
of eight latches 
with TRI-STATE 
outputs 
for bus organized 
system 
applications. 
The flip-flops 
appear 
transparent 
to the 
data 
when 
Latch 
Enable 
(LE) is HIGH. 


When 
LE is LOW, 
the data 
that 
meets 
the 
setup 
times 
is 
latched. 
Data appears 
on the bus when 
the Output 
Enable 
(OE) is LOW. When OE is HIGH the bus output is in the high 
impedance 
state. 
The 'F533 
is the same as the 'F373, 
ex- 
cept that the outputs 
are inverted. 


Features 


• 
Eight latches 
in a single 
package 


• 
TRI-STATE 
outputs 
for bus interfacing 


• 
Inverted 
version 
of the 'F373 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


Ordering Code: 
See Section 
5 


Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 
Pin Assignment 
for LCC 


~ 
~ 
02 0,0, 
I!lmrnrnm 
OE 
OE , 
Vcc 
LE 
°0 
2 
°7 


DO 
°0 
DO 
3 
~ 
0, 
0, 
0, 
• 
06 


O2 
°2 
0, 
5 
°6 
03 
°3 
°2 
6 
OS 


O. 
0. 
O2 
7 
Os 


05 
°5 
03 
8 
O. 


06 
°6 
°3 
9 
0. 
~ 
°7 
GNO 
10 
LE 


TLIF/9548-4 
TL/F/9548-2 


031]] 
~ moo 


GNOIiQJ 
~ rn 00 
LE [j] 
• [j] OE 
0.1rn 
~ 
~VCC 


O.II] 
• 
[ID07 


~JIOI{JID••• 
II{:J{; 
•••y 


1ilJ1J]][j]]1!2l1J]] 


Ds°50606~ 


• 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 


HIGH/LOW 
Output 
IOH/IOL 


00-07 
Data Inputs 
1.011.0 
20 I'-A/ -0.6 
mA 


LE 
Latch Enable 
Input (Active 
HIGH) 
1.0/1.0 
20 I'-A/ -0.6 
mA 


OE 
Output 
Enable 
Input (Active 
LOW) 
1.0/1.0 
20 I'-A/ -0.6 
mA 
00-07 
Complementary 
TRI-ST ATE Outputs 
150/40 
(33.3) 
-3 
mA/24 
mA (20 mAl 


Inputs 
Output 


LE 
OE 
D 
0 


H 
L 
H 
L 


H 
L 
L 
H 


L 
L 
X 
00 
X 
H 
X 
Z 


H = HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = Immaterial 


Functional Description 


The 
'F533 
contains 
eight 
Ootype latches 
with 
TRI-STATE 
output 
buffers. 
When 
the Latch 
Enable 
(LE) input is HIGH, 


data 
on the On inputs 
enters 
the 
latches. 
In this condition 
the latches 
are transparent, 
i.e., a latch 
output 
will change 
state 
each time its 0 input changes. 
When 
LE is LOW, the 
latches 
store 
the information 
that was present 
on the 0 in- 


puts a setup time preceding 
the HIGH-to-LOW 
transition 
of 
LE. The 
TRI-STATE 
buffers 
are controlled 
by the 
Output 
Enable 
(OE) input. When 
OE is LOW, the buffers 
are in the 
bi-state 
mode. When OE is HIGH the buffers 
are in the high 
impedance 
mode 
but this 
does 
not interfere 
with 
entering 
new data into the latches. 


00 
01 
02 
03 
04 
Os 
06 
07 


TLiF/954B-5 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-55'C 
to + 175'C 
Military 
+ 4.5V to + 5.5V 


Vee 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vee = OV) 
Standard 
Output 
-0.5Vto 
Vee 
TRI-STATE 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


Veo 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vee 
2.5 
10H = -1 
mA 


Voltage 
54F 10% Vcc 
2.4 
10H = -3 
mA 


74F 10% Vee 
2.5 
V 
Min 
10H = -1 
mA 


74F 10% Vee 
2.4 
10H = -3 
mA 


74F 5% Vee 
2.7 
'OH = -1 
mA 
74F 5% Vee 
2.7 
10H = -3 
mA 


VOL 
Output 
LOW 
54F 10% Vee 
0.5 
V 
Min 
10L = 20 mA 
Voltage 
74F 10% Vee 
0.5 
IOL = 24 mA 


IIH 
Input HIGH 
54F 
20.0 
JJ-A 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
JJ-A 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


IBVIT 
Input HIGH Current 
54F 
1.0 
mA 
Breakdown 
(I/O) 
74F 
0.5 
Max 
VIN = 5.5V 


leEx 
Output 
HIGH 
54F 
250 
JJ-A 
Leakage 
Current 
74F 
50 
Max 
VOUT = Vee 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9JJ-A 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
JJ-A 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10ZH 
Output 
Leakage 
Current 
50 
JJ-A 
Max 
VOUT = 2.7V 


10ZL 
Output 
Leakage 
Current 
-50 
JJ-A 
Max 
VOUT = 0.5V 


los 
Output 
Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


Izz 
Bus Drainage 
Test 
500 
JJ-A 
O.OV 
VOUT = 5.25V 


leez 
Power Supply Current 
41 
61 
mA 
Max 
Vo = HIGHZ 
• 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and load 
Configurations 


74F 
S4F 
74F 


TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 


Symbol 
Parameter 
Vcc = +S.OV 
CL = SO pF 
CL = SOpF 
Units 
No. 


CL = SOpF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
4.0 
6.7 
9.0 
4.0 
12.0 
4.0 
10.0 
2-3 
Dn to On 
7.0 
2.5 
9.0 
2.5 
8.0 
ns 
tpHL 
2.5 
4.4 


tpLH 
Propagation 
Delay 
5.0 
7.1 
11.0 
5.0 
14.0 
5.0 
13.0 
2-3 
ns 
tPHL 
lEtoOn 
3.0 
4.7 
7.0 
3.0 
9.0 
3.0 
8.0 


tpZH 
Output 
Enable Time 
2.0 
5.9 
10.0 
2.0 
12.5 
2.0 
11.0 
2-5 
ns 
tpZL 
2.0 
5.6 
7.5 
2.0 
10.5 
2.0 
8.5 


tpHZ 
Output 
Disable Time 
1.5 
3.4 
6.5 
1.5 
8.5 
1.5 
7.0 
2-5 
ns 
tpLZ 
1.5 
2.7 
5.5 
1.5 
7.5 
1.5 
6.5 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Min 
Max 
Min 
Max 
Min 
Max 


ts(H) 
Setup Time, HIGH or lOW 
2.0 
2.0 
2.0 


ts(l) 
Dn to lE 
2.0 
2.0 
2.0 
ns 
2-6 


th(H) 
Hold Time, HIGH or lOW 
3.0 
3.0 
3.0 


th(l) 
Dn to lE 
3.0 
3.0 
3.0 
ns 
2-6 


tw(H) 
lE Pulse Width, 
HIGH 
6.0 
6.0 
6.0 
ns 
2-4 


54F/74F534 
Octal D-Type Flip-Flop with TRI-STATE® Outputs 


General Description 


The 'F534 
is a high speed, 
low-power 
octal 
Ootype flip-flop 
featuring 
separate 
Ootype 
inputs 
for 
each 
flip-flop 
and 
TRI-STATE 
outputs 
for 
bus-oriented 
applications. 
A buff- 


ered Clock 
(CP) and Output 
Enable 
(OE) are common 
to all 
flip-flops. 
The 
'F534 
is the same 
as the 'F374 
except 
that 
the outputs 
are inverted. 


Features 


• 
Edge-triggered 
Ootype inputs 


• 
Buffered 
positive 
edge-triggered 
clock 


• 
TRI-STATE 
outputs 
for bus-oriented 
applications 


• 
Guaranteed 
4000V 
minimum 
ESO protection 


Pin Assignment 
for 
DIP, SOIC and Flatpak 
Pin Assignment 
forLCC 


03 ~ 
O2 0, 
0, 
[ID[1][§]rnm 


l1lil1lil1lil1lil1li 
DE 
1 
Vcc 


00 
2 
07 


DO 
3 
07 
01 
• 
06 


01 
5 
06 


TL/F/9549-1 
O2 
6 
05 
IEEEI/EC 
O2 
7 
1. 
05 
03 
8 
13 
D. 
DE 
03 
9 
12 
O. 
CP 
GNO 
10 
11 
CP 


DO 
°0 
Tl/F/9549-2 


0, 
°1 
O2 
°2 
03 
°3 


D. 
0. 


05 
°5 
06 
°6 
~ 
°7 


TLIF/9549-5 


03 rn 


GNO [jQJ 


Cp []J) 
0.1rn 


D. 1m 


moo 
[II 00 
[TIDE 


IiQ!Vcc 
[ID 07 


1llI~1rn1!Zl1J]J 


Ds°50606~ 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


00-07 
Oata Inputs 
1.0/1.0 
20 I'-Al- 
0.6 mA 
CP 
Clock Pulse Input (Active 
Rising Edge) 
1.0/1.0 
20 I'-Al- 
0.6 mA 
OE 
TRI-STATE 
Output 
Enable 
Input (Active 
LOW) 
1.0/1.0 
20 I'-Al-0.6 
mA 
00-07 
Complementary 
TRI-STATE 
Outputs 
150/40(33.3) 
-3 
mA/24 
mA (20 mAl 
• 


Functional Description 


The 'F534 
consists 
of eight edge-triggered 
flip-flops 
with in- 
dividual 
D-type 
inputs 
and TRI-STATE 
complementary 
out- 


puts. 
The 
buffered 
clock 
and 
buffered 
Output 
Enable 
are 
common 
to all flip-flops. 
The eight 
flip-flops 
will store 
the 
state 
of their 
individual 
D inputs 
that 
meet 
the 
setup 
and 
hold 
times 
requirements 
on the 
LOW-to-HIGH 
clock 
(CP) 
transition. 
With the Output 
Enable 
(OE) LOW, the contents 
of the eight flip-flops 
are available 
at the outputs. 
When the 
OE is HIGH, 
the 
outputs 
go to the 
high impedance 
state. 
Operation 
of the OE input does 
not affect 
the state 
of the 
flip-flops. 


Inputs 
Output 


CP 
OE 
0 
0 


...r 
L 
H 
L 
...r 
L 
L 
H 


L 
L 
X 
00 
X 
H 
X 
Z 


H ~ 
HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = 
Immaterial 


..../ = lOW-lo-HIGH 
Clock Transition 
Z ~ 
High Impedance 


00 = Value stored from previous 
clock cycle 


TL/F/9549-4 


Please note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 


If Military/Aerospace specified devices are required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors for availability and specifications. 


Storage 
Temperature 
- 65·C to + 150·C 


Ambient 
Temperature 
under Bias 
-55·C 
to + 125·C 


Junction 
Temperature 
under Bias 
-55·C 
to + 175·C 


VCC Pin Potential 
to 
Ground 
Pin 


Input Voltage 
(Note 2) 


Input Current 
(Note 2) 


Voltage 
Applied 
to Output 


in HIGH State 
(with Vcc 
= OV) 
Standard 
Output 
TRI-STATE 
Output 


Current 
Applied 
to Output 
in LOW State (Max) 


ESD Last Passing Voltage 
(Min) 


Recommended 
Operating 
Conditions 


Free Air Ambient 
Temperature 
Military 
Commercial 


Supply 
Voltage 
Military 
Commercial 


- 55·C to + 125·C 
O·Cto 
+70·C 


+ 4.5V to + 5.5V 
+ 4.5V to + 5.5V 


-0.5V 
to + 7.0V 


-0.5V 
to + 7.0V 


-30 
mA to + 5.0 mA 


-0.5VtoVcC 


-0.5Vto 
+5.5V 


twice the rated 10L (mA) 


4000V 


Note 1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vee 
2.5 
10H = -1 
mA 


Voltage 
54F 10% Vee 
2.4 
10H = -3 
mA 


74F 10% Vee 
2.5 
V 
Min 
10H = -1 
mA 


74F 10% Vee 
2.4 
10H = -3 
mA 


74F5% 
Vee 
2.7 
10H = -1 
mA 


74F5% 
Vee 
2.7 
10H = -3 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 24 mA 


IIH 
Input HIGH 
54F 
20.0 
I-'A 
Current 
74F 
5.0 
Max 
VIN = 2.7V 


ISVI 
Input HIGH Current 
54F 
100 
I-'A 
Breakdown 
Test 
74F 
7.0 
Max 
VIN = 7.0V 


ICEX 
Output 
HIGH 
54F 
250 
I-'A 
Max 
Your 
= Vcc 
Leakage 
Current 
74F 
50 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.91-'A 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
I-'A 
0.0 
VIOD = 1.50 I-'A 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10ZH 
Output 
Leakage 
Current 
50 
I-'A 
Max 
Your 
= 2.7V 


10ZL 
Output 
Leakage 
Current 
-50 
I-'A 
Max 
Your 
= 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


Izz 
Bus Drainage 
Test 
500 
I-'A 
O.OV 
Your 
= 5.25V 


lecz 
Power Supply Current 
55 
86 
mA 
Max 
Vo = HIGHZ 
• 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and load 
Configurations 


74F 
S4F 
74F 


TA = +2SoC 
TA. Vcc 
= Mil 
TA. Vcc 
= Com 
Fig. 


Symbol 
Parameter 
Vcc 
= +S.OV 
Cl 
= 50 pF 
Cl 
= SOpF 
Units 
No. 


Cl 
= 50 pF 


Min 
Typ 
Max 
Mln 
Max 
Min 
Max 


fmax 
Maximum 
Clock Frequency 
100 
60 
70 
MHz 
2-1 


tpLH 
Propagation 
Delay 
4.0 
6.5 
8.5 
4.0 
10.5 
4.0 
10.0 
2-3 
CP to On 
6.5 
8.5 
4.0 
11.0 
4.0 
10.0 
ns 
tpHL 
4.0 


tPZH 
Output 
Enable Time 
2.0 
9.0 
11.5 
2.0 
14.0 
2.0 
12.5 


tpZL 
2.0 
5.8 
7.5 
2.0 
10.0 
2.0 
8.5 
2-5 
ns 


tPHZ 
Output 
Disable Time 
1.5 
5.3 
7.0 
1.5 
8.0 
1.5 
8.0 


tPLZ 
1.5 
4.3 
5.5 
1.5 
7.5 
1.5 
6.5 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2SoC 
TA. Vcc 
= Mil 
TA. Vcc 
= Com 
Units 
Fig. 


Vcc 
= +S.OV 
No. 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tslH) 
Setup Time, HIGH or lOW 
2.0 
2.0 
2.0 


tsll) 
DntoCP 
2.0 
2.5 
2.0 
2-6 
ns 
thlH) 
Hold Time, HIGH or lOW 
2.0 
2.0 
2.0 


thll) 
DntoCP 
2.0 
2.5 
2.0 


twlH) 
CP Pulse Width 
7.0 
7.0 
7.0 
. 


twll) 
HIGH or lOW 
6.0 
6.0 
6.0 
ns 
2-4 


54F/74F537 
1-of-10 Decoder with TRI-STATE® Outputs 


General Description 


The 'F537 
is one-of-ten 
decoder/demultiplexer 
with four ac- 


tive HIGH BCD inputs and ten mutually 
exclusive 
outputs. 
A 
polarity 
control 
input 
determines 
whether 
the 
outputs 
are 
active 
LOW or active 
HIGH. The 'F537 
has TRI-STATE 
out- 


puts, 
and a HIGH 
signal 
on the Output 
Enable 
(OE) input 
forces 
all outputs 
to the 
high impedance 
state. 
Two 
input 


enables, 
active 
HIGH E2 and active 
LOW E1' are available 
for demultiplexing 
data to the selected 
output 
in either 
non- 
inverted 
or inverted 
form. 
Input 
codes 
greater 
than 
BCD 
nine cause 
all outputs 
to go to the inactive 
state (i.e., same 
polarity 
as the P input). 


Pin Assignment 
for 
DIP, SOIC and Flatpak 
Pin Assignment 
forlCC 


°2 
1 
20 
Vrx; 


0, 
2 
19 
°3 


°0 
3 
18 
0. 


P • 
17 
A3 
TLiF/9550-3 
OE 
5 
16 
A2 


Ao 
6 
15 
[, 
IEEE/IEC 
A, 
7 
14 
E2 


Os 
8 
13 
°9 
DMUX 


°6 
9 
12 
°8 
t> 
N'O 
OND 
10 
11 
°7 


EN 
0,10 V 
°0 
TLiF/9550-1 
OE 


1,10 V 
0, 


Ao }~ 


2,10 V 
°2 


A, 


3,10 V 
°3 


A2 
',10 
V 
0. 


A3 
5,10 V 
Os 


6,10 V 
0. 


'" 


7,10 V 
°7 


E2 
8,10 V 
°8 
[, 
9.10 V 
°9 


°5A,AoOEP 
OOfI]m@]m 


06rnDmo 
o 
OND [Q] 
mo, 
07 [j] 
m02 


081@ 
~Vrx; 


09 (j] 
ij]]03 


~@I!IDIIlJfj!) 
~ 
[, A:l A30. 


54F174F 


Pin Names 
Description 
U.L. 
Input 
IIH/IIL 
HIGH/lOW 
Output 
IOHIIOL 


Ao-A3 
Address 
Inputs 
1.0/1.0 
20 )J-A/-0.6 
mA 
E1 
Enable Input (Active 
LOW) 
1.0/1.0 
20 )J-A/-0.6 
mA 
E2 
Enable Input (Active HIGH) 
1.0/1.0 
20 )J-A/-0.6 
mA 
OE 
Output 
Enable 
Input (Active 
LOW) 
1.0/1.0 
20 fLA/ -0.6 
mA 
P 
Polarity Control 
Input 
1.0/1.0 
20 )J-A/-0.6 
mA 
00-09 
TRI-STATE 
Outputs 
150/40 
(33.3) 
-3 
mA/24 
mA (20 mAl 


vt:. 
t:.1 t:.2 A3 
A2 
A1 
AO 
00 
01 
02 
03 
04 
Os 
06 
07 
Os 
09 


High Impedance 
H 
X 
X 
X 
X 
X 
X 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 


Disable 
L 
H 
X 
X 
X 
X 
X 
Outputs 
Equal P Input 
L 
X 
L 
X 
X 
X 
X 


Active 
HIGH 
L 
L 
H 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 


Output 
L 
L 
H 
L 
L 
L 
H 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 


(P = L) 
L 
L 
H 
L 
L 
H 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
l.: 
L 
H 
L 
L 
H 
H 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 


L 
L 
H 
L 
H 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 


L 
L 
H 
L 
H 
L 
H 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
H 
L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
H 
L 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 


L 
L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 


L 
L 
H 
H 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
H 
H 
X 
H 
X 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
X 
X 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


Active 
LOW 
L 
L 
H 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
Output 
L 
L 
H 
L 
L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 


(P = H) 
L 
L 
H 
L 
L 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 


L 
L 
H 
L 
L 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 


L 
L 
H 
L 
H 
L 
L 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 


L 
L 
H 
L 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
L 
L 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
L 
L 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 


L 
L 
H 
H 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
L 
L 
H 
H 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
L 
L 
H 
H 
X 
H 
X 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
L 
H 
H 
H 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


H ~ 
HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z ~ 
High Impedance 


TL/F/9550-4 


Please note that this diagram is provided only for the understanding 
of logic operations and should not be used to estimate propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55°C to + 125°C 
Storage 
Temperature 
- 65°C to + 150°C 
Commercial 
O°Cto 
+ 70°C 


Ambient 
Temperature 
under Bias 
- 55°C to + 125°C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55°C to + 175°C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-O.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 
TRI-STATE 
Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10l (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


Vil 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
54F 10% Vcc 
2.4 
10H = -3 
mA 


74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 10% Vcc 
2.4 
10H = -3 
mA 


74F 5% Vcc 
2.7 
10H = -1 
mA 


74F 5% Vcc 
2.7 
10H = -3 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10l = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10l = 24 mA 


IIH 
Input HIGH 
54F 
20.0 
IJ-A 
Current 
74F 
5.0 
Max 
VIN = 2.7V 


IBVI 
Input HIGH Current 
54F 
100 


Breakdown 
Test 
74F 
7.0 
IJ-A 
Max 
VIN = 7.0V 


ICEX 
Output 
HIGH 
54F 
250 


Leakage 
Current 
74F 
50 
IJ-A 
Max 
Your 
= Vcc 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.91J-A 


Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
IJ-A 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


III 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10ZH 
Output 
Leakage 
Current 
50 
IJ-A 
Max 
Your 
= 2.7V 


10Zl 
Output 
Leakage 
Current 
-50 
IJ-A 
Max 
Your 
= 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
Your 
= OV 


Izz 
Bus Drainage 
Test 
500 
IJ-A 
O.OV 
Your 
= 5.25V 


ICCH 
Power Supply Current 
56 
mA 
Max 
Vo = HIGH 


. 


Iccz 
Power Supply Current 
44 
66 
mA 
Max 
Vo = HIGHZ 


AC Electrical Characteristics: 
See Section 2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
CL = SO pF 


Mln 
Typ 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
6.0 
11.0 
16.0 
6.0 
17.0 


tpHL 
An to On 
4.0 
7.5 
11.0 
4.0 
12.0 
2-3 
ns 
tpLH 
Propagation 
Delay 
5.0 
8.5 
14.5 
5.0 
15.5 


tpHL 
El to On 
4.0 
6.5 
9.0 
4.0 
10.0 


tpLH 
Propagation 
Delay 
6.0 
11.0 
16.0 
6.0 
17.0 


tpHL 
E2to On 
5.0 
10.0 
14.0 
5.0 
15.0 
2-3 
ns 


tpLH 
Propagation 
Delay 
6.0 
11.5 
18.0 
6.0 
20.0 


tpHL 
PtoOn 
6.0 
11.0 
16.0 
6.0 
17.0 


tpZH 
Output 
Enable Time 
3.0 
5.5 
10.5 
3.0 
11.5 


tpZL 
OE to On 
5.0 
9.0 
13.0 
5.0 
14.0 
2-5 
ns 
tpHZ 
Output 
Disable Time 
2.0 
4.0 
6.0 
2.0 
7.0 


tpLZ 
OE to On 
3.0 
5.0 
7.0 
3.0 
8.0 


t 


54F/74F538 
1-of-8 Decoder with TRI-STATE® Outputs 


General Description 


The 
'F538 
decoder/demultiplexer 
accepts 
three 
Address 
(Ao-A2) 
input 
signals 
and decodes 
them 
to select 
one of 
eight mutually 
exclusive 
outputs. 
A polarity 
control 
input (P) 
determines 
whether 
the outputs 
are active 
LOW or active 
HIGH. 
A HIGH 
Signal 
on either 
of the active 
LOW Output 
Enable 
(OE) inputs forces 
all outputs 
to the high impedance 
state. Two active 
HIGH and two active 
LOW input enables 
are available 
for easy expansion 
to 1-of 32 decoding 
with 


four packages, 
or for data demultiplexing 
to 1-of-8 or 1-01- 
16 destinations. 


Features 


• 
Output 
polarity 
control 


• 
Data de multiplexing 
capability 


• 
Multiple 
enables 
lor expansion 


• 
TRI-STATE 
outputs 


Ordering Code: 
See Section 
5 


Logic Symbols 


DEl 
EN 
DE2 


Ao 


:} 
G f 


0.10 V 
°0 


A1 
1,10 V 
0, 


A2 
2,10 V 
°2 


3.10 V 
°3 
a: 
•• 10 v 
0. 
E. 
S.10 V 
Os 
E3 
6.10 V 
06 
E2 
7,10 V 
07 
E1 


TLiF/9SS1-S 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/lOL 


Ao-A2 
Address 
Inputs 
1.0/1.0 
20 ).tAl-0.6 
mA 


E" 
E2 
Enable 
Inputs 
1.011.0 
20 ).tAl-0.6 
mA 


(Active 
LOW) 
.. 


Es,E4 
Enable 
Inputs 
1.0/1.0 
20 ).tAl-0.6 
mA 


(Active 
HIGH) 


P 
Polarity Control 
Input 
1.0/1.0 
20 ).tAl- '0.6 mA 


OE" 
OE2 
Output 
Enable Inputs 
1.0/1.0 
20 ).tA/- 0.6 mA 


(Active 
LOW) 
00-07 
TRI-STATE 
Outputs 
150/40 
(33.3) 
-3 
mA/24 
mA (20 mAl 


Pin Assignment 
for 
DIP, SOIC and Flatpak 


02 
1 


01 
2 


00 
3 


0[1 
• 
0[2 
S 


Ao 
6 


A1 
7 


Os 
8 


06 
9 


GND 
10 


20 
Vcc 
19 
03 
18 
0. 


17 
A2 


16 
E1 


15 
1:2 


14 
E3 
13 
E. 


12 
P 


11 
07 


Pin Assignment 
forlCC 


Os A1 Ao0~i5El 
@lLJmmm 
G~~~O~~~ 
07 [j] 
I:IJ 02 


P fl1l 
~Vcc 
E. MJ 
1IID03 


~@lIrn[1]1!ID 
E3 Ez 1:1 A:z0. 


--£ 
-, 
-~ -~ 
~4 
~2 ~, "0 
vO 
v, 
U2 
°3 
04 
Os 
06 
07 


High 
H 
X 
X 
X 
X 
X 
X 
X 
X 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 


Impedance 
X 
H 
X 
X 
X 
X 
X 
X 
X 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 


Disable 
L 
L 
H 
X 
X 
X 
X 
X 
X 


L 
L 
X 
H 
X 
X 
X 
X 
X 
Outputs 
Equal P Input 
L 
L 
X 
X 
L 
X 
X 
X 
X 


L 
L 
X 
X 
X 
L 
X 
X 
X 


Active 
HIGH 
L 
L 
L 
L 
H 
H 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 


Output 
L 
L 
L 
L 
H 
H 
L 
L 
H 
L 
H 
L 
L 
L 
L 
L 
L 


(P = L) 
L 
L 
L 
L 
H 
H 
L 
H 
L 
L 
L 
H 
L 
L 
L 
L 
L 


L 
L 
L 
L 
H 
H 
L 
H 
H 
L 
L 
L 
H 
L 
L 
L 
L 


L 
L 
L 
L 
H 
H 
H 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 


L 
L 
L 
L 
H 
H 
H 
L 
H 
L 
L 
L 
L 
L 
H 
L 
L 


L 
L 
L 
L 
H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
H 
L 


L 
L 
L 
L 
H 
H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
H 


Active 
LOW 
L 
L 
L 
L 
H 
H 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 


Output 
L 
L 
L 
L 
H 
H 
L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 


(P = H) 
L 
L 
L 
L 
H 
H 
L 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 


L 
L 
L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 


L 
L 
L 
L 
H 
H 
H 
L 
L 
H 
H 
H 
H 
L 
H 
H 
H 


L 
L 
L 
L 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 


L 
L 
L 
L 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 


L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


H ~ 
HIGH Voltage Level 


L ~ 
LOW Voltage Level 


X = 
Immaterial 
Z ~ 
High Impedance 


~ 
~ 


TLIF/9551-4 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- SS·C to + 12S·C 
Storage 
Temperature 
- 6S·C to + 1S0·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- SS·C to + 12S·C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- SS·C to + 17S·C 
Military 
+4.SVto 
+S.5V 


VCC Pin Potential 
to 
Commercial 
+4.SVto 
+S.SV 


Ground 
Pin 
-O.SV 
to + 7.0V 


Input Voltage 
(Note 2) 
-O.SV 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to + S.O mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-O.SVto 
Vcc 
TRI-STATE 
Output 
- O.SV to + S.SV 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10l (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


Vil 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 
Voltage 
54F 10% Vcc 
2.4 
10H = -3mA 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 
74F 10% Vcc 
2.4 
10H = -3mA 
74F5% 
Vcc 
2.7 
10H = -1 
mA 
74F5% 
Vcc 
2.7 
10H = -3mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
IOL = 20mA 
Voltage 
74F 10% Vcc 
0.5 
10l = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
I-'A 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
I-'A 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
I-'A 
Max 
VOUT = Vcc 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.91-'A 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
I-'A 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


III 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10lH 
Output 
Leakage 
Current 
50 
I-'A 
Max 
VOUT = 2.7V 


lOll 
Output 
Leakage 
Current 
-50 
I-'A 
Max 
VOUT = 0.5V 


10S 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


III 
Bus Drainage 
Test 
500 
I-'A 
O.OV 
VOUT = 5.25V 


ICCH 
Power Supply Current 
31 
45 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
37 
56 
mA 
Max 
Vo = LOW 


ICCl 
Power Supply Current 
37 
56 
mA 
Max 
Vo = HIGHZ 
• 


AC Electrical Characteristics: 
See Section 2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S"C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SO pF 
Units 
No. 
CL = SOpF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tPLH 
Propagation 
Delay 
6.0 
11.0 
16.0 
6.0 
17.0 


tpHL 
An to On 
4.0 
7.5 
11.0 
4.0 
12.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
5.0 
8.5 
15.0 
5.0 
16.0 


tpHL 
ElorE2toOn 
4.0 
6.5 
9.0 
4.0 
10.0 


tpLH 
Propagation 
Delay 
6.0 
11.0 
16.0 
6.0 
17.0 


tpHL 
Ea or E4 to On 
5.0 
10.0 
14.0 
5.0 
15.0 
ns 
2-3 


tPLH 
Propagation 
Delay 
6.0 
11.5 
18.0 
6.0 
20.0 


tpHL 
PtoOn 
6.0 
11.0 
16.0 
6.0 
17.0 


tpZH 
Output 
Enable Time 
3.0 
5.5 
10.0 
3.0 
11.0 


tpZL 
OEl 
or OE2 to On 
5.0 
9.0 
13.0 
5.0 
14.0 
ns 
2-5 


tpHZ 
Output 
Disable Time 
2.0 
4.0 
6.0 
2.0 
7.0 


tpLZ 
OEl 
or OE2 to On 
3.0 
5.0 
8.0 
3.0 
9.0 


'. 


~National 
~ 
semiconductor 


54F/74F539 
DuaI1-of-4 
Decoder with TRI-STATE® Outputs 


General Description 


The 
'F539 
contains 
two 
independent 
decoders. 
Each 
ac- 


cepts two Address 
(Ao, All 
input signals 
and decodes 
them 
to select 
one of four mutually 
exclusive 
outputs. 
A polarity 
control 
input (Pl determines 
whether 
the outputs 
are active 
HIGH 
(P = 
L) or active 
LOW 
(P = 
H). An 
active 
LOW 


input Enable 
(E) is available 
for data demultiplexing; 
data is 
routed 
to the 
selected 
output 
in non-inverted 
form 
in the 
active 
LOW 
mode 
or in inverted 
form 
in the 
active 
HIGH 
mode. 
A HIGH 
signal 
on the 
active 
LOW 
Output 
Enable 
(OE) input forces 
the TAl-STATE 
outputs 
to the high imped- 


ance state. 


Nl0 


EN 
a} 
a 
G- 
1 
3 


Ao Al 
°2b 
1 
20 
Vcc 


°lb 
2 
19 
°3b 


COb 
3 
18 
A1b 
Pb 
4 
17 
Aob 


OEb 
5 
16 
Eb 
TUF/9552-1 
Aoa 
6 
15 
f" 


Ala 
7 
14 
°Ea 


°3a 
8 
13 
Pa 


°2a 
9 
12 
°Oa 


GND 
10 
11 
°la 


COb 


°lb 
TUF/9552-2 


°2b 
Pin Assignment 
°3b 
for LCC 


03a Ala AoaOft, Pb 
[I] [I]lIJ[I][!J 
°Oa 


°la 
02a [II 
mOOb 
°2a 
GND [Q) 
(lJ°lb 


°3a 
°la [j] 
[IJ°2b 
00a 1m 
~VCC 


TLIF/9552-4 
Pal!] 
IlID03b 


~1rnjj]][Z]ij]J 
Of" f" ~ AobA1b 


TL/F/9552-3 


!II 


Pin Assignment 
for DIP. SOIC and Flatpak 


AOa-A1a 


AOb-A1b 
Ea, Eb 


OEa, OEb 


Pa,Pb 


OOa-03a 


°Ob-03b 


Side A Address 
Inputs 


Side B Address 
Inputs 


Enable Inputs (Active 
LOW) 


Output Enable 
Inputs (Active 
LOW) 


Polarity Control 
Inputs 


Side A TRI-STATE 
Outputs 


Side B TRI-STATE 
Outputs 


1.0/1.0 


1.0/1.0 


1.0/1.0 


1.0/1.0 


1.0/1.0 


150/40 
(33.3) 


150/40 
(33.3) 


20 /LA/-0.6 
mA 
20 /LA/- 
0.6 mA 
20 /LA/-0.6 
mA 
20 /LA/-0.6 
mA 
20 /LA/-0.6 
mA 
-3 mA/24 
mA (20 mAl 
-3 mA/24 
mA (20 mAl 


Function 
Inputs 
Outputs 


OE 
E 
A1 
Ao 
00 
01 
02 
03 


High Impedance 
H 
X 
X 
X 
Z 
Z 
Z 
Z 


Disable 
L 
H 
X 
X 
On = P 


Active 
HIGH 
L 
L 
L 
L 
H 
L 
L 
L 


Output 
L 
L 
L 
H 
L 
H 
L 
L 


(P = L) 
L 
L 
H 
L 
L 
L 
H 
L 


L 
L 
H 
H 
L 
L 
L 
H 


Active 
LOW 
L 
L 
L 
L 
L 
H 
H 
H 


Output 
L 
L 
L 
H 
H 
L 
H 
H 


(P = H) 
L 
L 
H 
L 
H 
H 
L 
H 


L 
L 
H 
H 
H 
H 
H 
L 


H ~ 
HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = 
Immaterial 
Z ~ High Impedance 


TL/F/9552-5 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-55·Cto 
+175·C 
Military 
+ 4.5V to + 5.5V 


VCC Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 
TRI-STATE 
Output 
- 0.5V to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 
Voltage 
54F 10% Vcc 
2.4 
10H = -3 
mA 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 
74F 10% Vcc 
2.4 
10H = -3mA 
74F5% 
Vcc 
2.7 
10H = -1 
mA 
74F5% 
Vcc 
2.7 
10H = -3mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 
Voltage 
74F 10% Vcc 
0.5 
10L = 24 mA 


IIH 
Input HIGH 
54F 
20.0 
/LA 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
/LA 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
/LA 
Max 
VOUT = Vcc 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9/LA 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
/LA 
0.0 
VIOO = 150 mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10ZH 
Output 
Leakage 
Current 
50 
/LA 
Max 
VOUT = 2.7V 


10ZL 
Output 
Leakage 
Current 
-50 
/LA 
Max 
VOUT = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


Izz 
Bus Drainage 
Test 
500 
/LA 
O.OV 
VOUT = 5.25V 


ICCH 
Power Supply Current 
28 
45 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
40 
60 
mA 
Max 
Vo = LOW 


Iccz 
Power Supply Current 
40 
60 
mA 
Max 
Vo = HIGHZ 
• 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
54F 
74F 


TA = +25°C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
Units 


CL = 50pF 
CL = 50 pF 
CL = 50pF 
No. 


Min 
Typ 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
4.0 
14.5 
18.5 
3.5 
19.5 


tpHL 
AntoOn 
4.0 
9.5 
12.0 
4.0 
13.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
5.0 
12.0 
16.0 
5.5 
17.0 
2-3 
tpHL 
EtoOn 
4.0 
7.5 
9.5 
4.0 
10.5 
ns 


tpLH 
Propagation 
Delay 
7.5 
14.5 
21.5 
4.5 
22.5 


tpHL 
PtoOn 
5.0 
11.0 
16.5 
4.5 
17.5 
ns 
2-3 


tpZH 
Output Enable Time 
4.5 
8.0 
10.5 
4.0 
11.5 


tpZL 
DE to On 
5.5 
10.0 
13.0 
5.0 
14.0 
ns 
2-5 


tpHZ 
Output 
Disable Time 
2.0 
4.5 
6.5 
2.0 
7.0 


tpLZ 
OEtoOn 
3.0 
6.5 
8.5 
3.0 
9.5 
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54F/74F540. 
54F/74F541 
Octal Buffer/Line 
Driver with TRI-STATE® Outputs 


General Description 


The 'F540 
and 'F541 are similar in function 
to the 'F240 and 
'F244 
respectively, 
except 
that the inputs 
and outputs 
are 
on 
opposite 
sides 
of 
the 
package 
(see 
Connection 
Dia- 
grams). 
This pinout 
arrangement 
makes 
these 
devices 
es- 
pecially 
useful as output 
ports for microprocessors, 
allowing 
ease of layout and greater 
PC board density. 


Features 


• 
TRI-STATE 
outputs 
drive bus lines 


• 
Inputs 
and 
outputs 
opposite 
side 
of 
package, 
allowing 
easier 
interface 
to microprocessors 


Pin Assignment 
for 
DIP, SOIC and Flatpak 
Pin Assignment 
for LCC 


'6 15 I. 
'3 12 
lIJlIJlIlmrn 
G~6~.~~ 
07[jj) 
rn 0(1 
061rn 
~vcc 
05Ii]) 
I!ID0(2 


fi}]~1iID1i111iID 
0.°3°2 
0, 00 


0[, , 


10 
2 


I, 
3 


12 • 


13 
5 


I. 
6 


'5 
7 


16 
8 


? 
9 


GND '0 


16 15 I. 
13 12 
lIJlIJlIlmrn 


1 


7lIJllrnl 


1 
GNDIil!I 
rn'o 
07[jj) 
rn 0(, 
061rn 
~VCC 


05 Ii]) 
I!ID0(2 


fi}]~1iID1i111iID 
0. 03 02 0, 00 
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Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


OE"OE2 
TRI-STATE 
Output 
Enable Input (Active 
LOW) 
1.0/1.0 
20 ,..A/-0.6 
mA 


In 
Inputs 
1.0/1.0 
20,..A/-0.6mA 


On,On 
Outputs 
600/106.6 
(80) 
-12 
mA/64 
mA (48 mAl 
• 


...,..._ ....• 
VU'pUUi 


OE1 
OE2 
I 
'F540 
'F541 


L 
L 
H 
L 
H 
H 
X 
X 
Z 
Z 


X 
H 
X 
Z 
Z 


L 
L 
L 
H 
L 


H ~ 
HIGH Voltage Level 
L ~ LOW Voltage Level 


X = 
Immaterial 


Z = High Impedance 


IEEE/IEC 


'F540 
IEEE/IEC 
'F541 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc 
= OV) 
Standard 
Output 
-0.5VtoVcc 
TRI-STATE 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.4 
10H = -3 
mA 


Voltage 
54F 10% Vcc 
2.0 
10H = -12mA 


74F 10% Vcc 
2.4 
V 
Min 
10H = -3 
mA 


74F 10% Vcc 
2.0 
10H = -15mA 


74F 5% Vcc 
2.7 
10H = -3 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.55 
V 
Min 
10L = 48 mA 


Voltage 
74F 10% Vcc 
0.55 
10L = 64 mA 


IIH 
Input HIGH 
54F 
20.0 
Jl-A 
VIN = 2.7V 
Current 
74F 
5.0 
Max 


IBVI 
Input HIGH Current 
54F 
100 
Jl-A 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
Jl-A 
Leakage 
Current 
74F 
50 
Max 
VOUT = Vcc 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9Jl-A 


Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
Jl-A 
0.0 
VIOD = 150mV 


Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10lH 
Output 
Leakage 
Current 
50 
Jl-A 
Max 
VOUT = 2.7V 


lOlL 
Output 
Leakage 
Current 
-50 
Jl-A 
Max 
VOUT = 0.5V 


los 
Output Short-Circuit 
Current 
-100 
-225 
mA 
Max 
VOUT = OV 


III 
Bus Drainage 
Test 
500 
Jl-A 
O.OV 
VOUT = 5.25V 


DC Electrical Characteristics 
(Continued) 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


ICCH 
Power Supply Current ('F540) 
11 
20 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current ('F540) 
53 
75 
mA 
Max 
Vo = LOW 


Iccz 
Power Supply Current ('F540) 
31 
45 
mA 
Max 
Vo = HIGHZ 


ICCH 
Power Supply Current ('F541) 
26 
35 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current ('F541) 
55 
75 
mA 
Max 
Vo = LOW 


Iccz 
Power Supply Current ('F541) 
31 
55 
mA 
Max 
Vo = HIGHZ 


AC Electrical Characteristics: 
See Section 2 for Waveforms 
and Load Configurations 


74F 
54F 
74F 


TA = +25'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
Units 


CL = 50pF 
CL = 50 pF 
CL = 50pF 
No. 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
1.5 
3.0 
5.0 
1.0 
6.0 
1.0 
5.5 


tpHL 
Data to Output ('F540) 
1.0 
2.0 
4.0 
1.0 
4.5 
1.0 
4.0 
ns 
2-3 


tpZH 
Output 
Enable Time ('F540) 
2.5 
4.9 
8.0 
2.5 
9.0 
2.5 
8.5 


tpZL 
3.5 
5.8 
10.0 
3.5 
11.0 
3.5 
10.5 
ns 
2-5 
tpHZ 
Output 
Disable Time ('F540) 
1.5 
3.4 
6.0 
1.5 
7.0 
1.5 
6.5 


tpLZ 
1.0 
2.5 
5.5 
1.0 
7.5 
1.0 
6.0 


tpLH 
Propagation 
Delay 
1.5 
3.3 
5.5 
1.5 
6.0 


tpHL 
Data to Output ('F541) 
1.5 
2.7 
5.5 
1.5 
6.0 
ns 
2-3 


tpZH 
Output 
Enable Time ('F541) 
3.0 
5.8 
8.0 
2.5 
9.5 


tpZL 
3.5 
6.1 
8.5 
3.0 
9.5 
ns 
2-5 
tpHZ 
Output 
Disable Time ('F541) 
1.5 
3.4 
6.0 
1.5 
6.5 


tpLZ 
1.5 
2.9 
5.5 
1.5 
6.0 
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54F/74F543 
Octal Registered Transceiver 


General Description 


The 
'F543 
octal 
transceiver 
contains 
two 
sets 
of 
Ootype 
latches 
for temporary 
storage 
of data flowing 
in either direc- 
tion. Separate 
Latch 
Enable 
and Output 
Enable 
inputs 
are 
provided 
for each 
register 
to permit 
independent 
control 
of 
inputting 
and outputting 
in either 
direction 
of data flow. The 
A outputs 
are guaranteed 
to sink 24 mA (20 mA Mil) while 
the B outputs 
are rated for 64 mA (48 mA Mil). 


Features 


• 
8-bit octal 
transceiver 


• 
Back-to-back 
registers 
for storage 


• 
Separate 
controls 
for data flow in each direction 


• 
A outputs 
sink 24 mA (20 mA Mil) 


• 
B outputs 
sink 64 mA (48 mA Mil) 


• 
300 mil slim package 


.la_VI 
A,_ 
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S 
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Bs 


B6 
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Connection 
Diagrams 


Pin Assignment 
for 
Pin Assignment 
DIP, SOIC and Flatpak 
for 
LCC 


A6 As A, HC A3 A2 A, 


LEBA 
1 
24 
VCC 
lTI![jQ]mrnmrnrn 


OEBA 
2 
23 
CEBA 


Ao 
3 
22 
Bo 


A7 fflI 
mAo 


CrAB ~ 
ill OEBA 


A, 
4 
21 
B, 
~O~ 
rn LEBA 


A2 
5 
20 
B2 
HC I!ID 
OJHC 


arAB (j]J 
I1§Vcc 
A3 
6 
19 
B3 
LEAB [ZJ 
1m CEBA 


A. 
7 
18 
B. 
B7 (j]J 
11§Bo 


As 
8 
17 
B5 


A6 
9 
16 
B6 


(j]J~~~I1JI~~ 


B6 Bs B, HC B3 B2 B, 


A7 
10 
15 
B7 
TLIF/9554-3 


CEAB 
11 
14 
LEAB 


GND 
12 
13 
OEAB 


TLIF/9554-2 


• 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


OEAB 
A-to-B Output 
Enable 
Input (Active 
LOW) 
1.011.0 
20 IJ-Al- 
0.6 mA 


OEBA 
B-to-A Output 
Enable 
Input (Active 
LOW) 
1.011.0 
20 IJ-Al-0.6 
mA 


CEAB 
A-to-B 
Enable Input (Active 
LOW) 
1.0/2.0 
20 IJ-Al-1.2 
mA 


CEBA 
B-to-A Enable Input (Active 
LOW) 
1.012.0 
20 IJ-Al-1.2 
mA 


LEAB 
A-to-B 
Latch Enable 
Input (Active 
LOW) 
1.0/1.0 
20 IJ-Al- 
0.6 mA 


LEBA 
B-to-A Latch Enable 
Input (Active 
LOW) 
1.0/1.0 
20 IJ-Al-0.6 
mA 


Ao-A7 
A-to-B 
Data Inputs or 
3.5/1.083 
70 IJ-AI- 650 IJ-A 


B-to-A TRI-STATE@Outputs 
150/40 
(33.8) 
-3 
mAl24 
mA (20 mAl 


Bo-B7 
B-to-A Data Inputs or 
3.5/1.083 
70 IJ-Al-650 
IJ-A 


A-to-B TRI-STATE 
Outputs 
600/106.6 
(80) 
-12 
mAl64 
mA (48 mAl 


Functional Description 


The 
'F543 
contains 
two 
sets 
of eight 
D-type 
latches, 
with 
separate 
input 
and output 
controls 
for each 
set. 
For data 
flow 
from 
A to B, for example, 
the A-to-B 
Enable 
(CEAB) 
input 
must 
be LOW 
in order 
to enter 
data 
from 
Ao-A7 
or 
take data from 
Bo-B7' 
as indicated 
in the Data I/O Control 
Table. 
With CEAB 
LOW, a LOW signal on the A-to-B 
Latch 
Enable 
(LEA B) input makes 
the A-to-B 
latches 
transparent; 
a subsequent 
LOW-to-HIGH 
transition 
of the 
LEAB 
signal 
puts the A latches 
in the storage 
mode and their outputs 
no 
longer change 
with the A inputs. With CEAB and OEAB both 
LOW, the TRI-STATE 
B output 
buffers 
are active and reflect 
the data 
present 
at the output 
of the A latches. 
Control 
of 
data flow from 
B to A is similar, 
but using the CEBA, 
LEBA 
and OEBA 
inputs. 


Inputs 
Latch Status 
Output 
Buffers 
CEAB 
LEAB 
OEAB 


H 
X 
X 
Latched 
HighZ 


X 
H 
X 
Latched 
- 


L 
L 
X 
Transparent 
- 


X 
X 
H 
- 
HighZ 


L 
X 
L 
- 
Driving 


H ~ 
HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = Immaterial 
A-to-B data flow shown; B-to-A flow control 
is the same, except 
using ~, 
LEBA and OEBA 
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Please note that this diagram is provided only for the understanding 
of logic operations and should not be used to estimate propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambiesnt 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
- 55·C to + 175·C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcC 


TRI-STATE 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10l (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


Vil 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


Vco 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA (An) 


Voltage 
54F 10% Vcc 
2.4 
10H = -3 
mA (An (Bn) 


54F 10% VCC 
2.0 
10H = -12 
mA (Bn) 


74F 10% VCC 
2.5 
10H = -1 
mA (An) 


74F 10% VCC 
2.4 
V 
Min 
10H = -3 
mA (An, Bn) 


74F 10% VCC 
2.0 
10H = -12 
mA (Bn) 


74F 5% VCC 
2.7 
10H = -1 
mA (An) 


74F 5% VCC 
2.7 
10H = -3 
mA (An, Bn) 


74F 5% VCC 
2.0 
10H = - 15 mA (Bn) 


VOL 
Output 
LOW 
54F 10% VCC 
0.5 
10l = 20 mA (An) 
Voltage 
54F 10% Vcc 
0.55 
V 
Min 
10l = 48 mA (Bn) 


74F 10% Vcc 
0.5 
10l = 24 mA (An) 


74F 10% VCC 
0.55 
10l = 64 mA (Bn) 


IIH 
Input HIGH 
54F 
20.0 
p.A 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
p.A 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 
(OEAB, OEBA, 
LEAB, 


LEBA, CEAB, CEBA) 


IBVIT 
Input HIGH Current 
54F 
1.0 
mA 
Max 
VIN = 5.5V (An, Bn) 
Breakdown 
(110) 
74F 
0.5 


ICEX 
Output 
HIGH 
54F 
250 
p.A 
Max 
VOUT = Vcc 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9p.A 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
p.A 
0.0 
VIOO = 150 mV 
Circuit Current 
All Other Pins Grounded 


DC Electrical Characteristics 
(Continued) 


Symbol 
Parameter 
S4F/74F 
Units 
Vcc 
Conditions 
, 


Min 
Typ 
Max 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V (OEAB, OEBA) 


-1.2 
VIN = 0.5V (CEAB, CEBA) 


IIH + 
10lH 
Output 
Leakage 
Current 
70 
IJ-A 
Max 
VOUT = 2.7V (An, Bn) 


IlL + 
lOlL 
Output 
Leakage 
Current 
-650 
IJ-A 
Max 
VOUT = 0.5V (An, Bn) 


10S 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV (An) 


-100 
-225 
VOUT = OV (Bn) 


III 
Bus Drainage 
Test 
500 
IJ-A 
O.OV 
VOUT = 5.25V (An, Bn) 


ICCH 
Power Supply Current 
67 
100 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
83 
125 
mA 
Max 
Vo = 
LOW 


ICCl 
Power Supply Current 
83 
125 
mA 
Max 
VO=HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = 
+2SoC 
TA. Vcc 
= Mil 
TA. Vcc 
= Com 
Fig. 
Symbol 
Parameter 
Vcc 
= 
+S.OV 
Units 


CL = SOpF 
CL = SO pF 
CL = SOpF 
No. 


Min 
Typ 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
3.0 
5.5 
7.5 
3.0 
8.5 
tpHL 
Transparent 
Mode 
3.0 
5.0 
6.5 
3.0 
7.5 
ns 
2-3 


An to Bn or Bn to An 


tpLH 
Propagation 
Delay 
4.5 
8.5 
11.0 
4.5 
12.5 


tpHL 
LEBA to An 
4.5 
8.5 
11.0 
4.5 
12.5 
ns 
2-3 


tpLH 
Propagation 
Delay 
4.5 
8.5 
11.0 
4.5 
12.5 


tpHL 
LEABto 
Bn 
4.5 
8.5 
11.0 
4.5 
12.5 
ns 
2-3 


Output 
Enable Time 


tplH 
OEBA or OEAB to An or Bn 
3.0 
7.0 
9.0 
3.0 
10.0 


tplL 
CEBA or CEAB to An or Bn 
4.0 
7.5 
10.5 
4.0 
12.0 
ns 
2-5 
Output 
Disable Time 


tpHl 
OEBA or OEAB to An or Bn 
1.0 
6.0 
8.0 
1.0 
9.0 


tpLZ 
CEBA or CEAB to An or Bn 
2.5 
5.5 
10.5 
2.5 
11.5 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = 
+2SoC 
TA. Vcc 
= Mil 
TA. Vcc 
= Com 
Units 
Fig. 


Vcc 
= 
+S.OV 
No. 


Mln 
Max 
Mln 
Max 
Mln 
Max 


ts(H) 
Setup Time, HIGH or LOW 
3.0 
3.5 
ts(L) 
An or Bn to LEBA or LEAB 
3.0 
3.5 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
3.0 
3.5 
th(L) 
An or Bn to LEBA or LEAB 
3.0 
3.5 


twILl 
Latch Enable, 
B to A 
8.0 
9.0 
2-4 
Pulse Width, 
LOW 
ns 


~National 
~ 
semiconductor 


54F/74F544 
Octal Registered Transceiver 


General Description 


The 
'F544 
octal 
transceiver 
contains 
two 
sets 
of 
D-type 
latches 
for temporary 
storage 
of data flowing 
in either direc- 


tion. Separate 
Latch 
Enable 
and Output 
Enable 
inputs 
are 
provided 
for each 
register 
to permit 
independent 
control 
of 
inputting 
and outputting 
in either direction 
of data flow. The 
A outputs 
are guaranteed 
to sink 24 mA (20 mA Mil) while 
the B outputs 
are rated 
for 64 mA (48 mA Mil). The 'F544 
inverts 
data in both directions. 


Features 


• 
8-bit octal 
transceiver 


• 
Back-to-back 
registers 
for storage 


• 
Separate 
controls 
for data flow in each 
direction 


• 
A 
outputs 
sink 
24 
mA 
(20 
mA 
Mil), 
B 
outputs 
sink 
64 mA (48 mA Mil) 


• 
300 mil slim PDIP 


Ao········ 
.A7 


OEAB 


OEBA 


CEAB 


CEBA 


LEAB 


LEBA 


BO 
B, 


B2 


B3 
B. 


B. 


B. 


B7 


TL/F/9555-1 


Pin Assignment 
for 
DIP, SOIC and Flatpak 


LEBA 
1 


OEBA 
2 


Ao 
3 


Al 
4 


A2 
5 


A3 
6 


A. 
7 


A5 
8 


A6 
9 


A7 
10 


CEAB 
11 


GND 
12 


24 
Vcc 


23 
CEBA 


22 
80 


21 
8, 


20 
82 
19 
83 


18 
8. 


17 
85 
16 
86 


15 
87 


14 
LEAB 


13 
OEAB 


Pin Assignment 
for LCC 


A71i1J 


CEAB I!1J 


GNO~ 


NC I!1J 


OEAB Ml 


LEAB Ii1I 


B7 Ml 


ij]]~~~~~§] 


B. 
B5 B. 
NC B3 B2 
B1 


TL/F/9555-4 


0AO 
[II OEBA 
m LEBA 


[DNC 
~vcc 
Ii1l CEBA 
§] Bo 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


OEAB 
A-to-B 
Output 
Enable 
Input (Active 
LOW) 
1.0/1.0 
20 !J.AI -0.6 
mA 


OEBA 
B-to-A Output 
Enable Input (Active 
LOW) 
1.011.0 
20 !J.A/- 
0.6 mA 


CEAB 
A-to-B 
Enable 
Input (Active 
LOW) 
1.0/2.0 
20 !J.A/-1.2 
mA 


CEBA 
B-to-A 
Enable 
Input (Active 
LOW) 
1.0/2.0 
20 !J.A/-1 
.2 mA 


LEAB 
A-to-B 
Latch Enable 
Input (Active 
LOW) 
1.0/1.0 
20 !J.A/-0.6 
mA 


LEBA 
B-to-A 
Latch Enable 
Input (Active 
LOW) 
1.0/1.0 
20 !J.A/-0.6 
mA 
Ao-A7 
A-to-B 
Data Inputs or 
3.5/1.083 
70 !J.A/- 
650 !J.A 


B-to-A TRI-STATE 
Outputs 
150/40(33.3) 
-3 
mA/24 
mA (20 mAl 


80-87 
B-to-A 
Data Inputs or 
3.5/1.083 
70 !J.A/- 
650 !J.A 


A-to-B 
TRI-STATE 
Outputs 
600/106.6(80) 
-12 
mA/64 
mA (48 mAl 


Functional Description 


The 
'F544 
contains 
two 
sets 
of eight 
D-type 
latches, 
with 
separate 
input 
and 
output 
controls 
for each 
set. 
For data 
flow 
from 
A to B, for example, 
the A-to-B 
Enable 
(CEAB) 
input 
must 
be LOW 
in order 
to enter 
data 
from 'Ao-A7 
or 
take data from 80-87, 
as indicated 
in the Data I/O Control 
Table. 
With CEAB LOW, a LOW signal on the A-to-B 
Latch 
Enable 
(LEAB) 
input makes 
the A-to-B 
latches 
transparent; 


a subsequent 
LOW-to-HIGH 
transition 
of the 
LEAB 
signal 
puts the A latches 
in the storage 
mode and their outputs 
no 
longer change 
with the A inputs. With CEAB and OEAB both 
LOW, the TRI-STATEGl> B output 
buffers 
are active 
and re- 
flect the data present 
at the output of the A latches. 
Control 
of data 
flow 
from 
B to A is similar, 
but using 
the 
CEBA, 
LEBA and OEBA 
inputs. 


Inputs 
Latch Status 
Output 
Buffers 
CEAB 
LEAB 
OEAB 


H 
X 
X 
Latched 
HighZ 


X 
H 
X 
Latched 
- 


L 
L 
X 
Transparent 
- 
X 
X 
H 
- 
HighZ 


L 
X 
L 
- 
Driving 


H ~ 
HIGH Voltage Level 


L ~ LOW Voltage Level 


X = Immaterial 


A-to-B data flow shown; B-to-A flow control is the same, 
except using CEBA. 
LEBA and OEBA 


• 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Voltage 
Applied 
to Output 


please 
contact 
the 
National 
Semiconductor 
Sales 
in HIGH State 
(with VCC = OV) 


Office/Distributors 
for 
availability 
and specifications. 
Standard 
Output 
-0.5VtoVcc 


Storage 
Temperature 
- 65·C to + 150·C 
TRI-STATE 
Output 
-0.5Vto 
+5.5V 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Current 
Applied 
to Output 


Junction 
Temperature 
under Bias 
- 55·C to + 175·C 
in LOW State (Max) 
twice the rated 10L (mA) 


VCC Pin Potential 
to 
Recommended Operating 
Ground 
Pin 
-0.5V 
to + 7.0V 
Conditions 
Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 
Free Air Ambient 
Temperature 


Note 1: Absolute 
maximum ratings are values beyond which the device may 
Military 
- 55·C to + 125·C 


be damaged 
or have its useful 
life impaired. 
Functional 
operation 
under 
Commercial 
O·Cto 
+70·C 


these conditions 
is not implied. 
Supply 
Voltage 
Note 2: Either voltage limit or current limit is sufficient 
to protect inputs. 
Military 
+ 4.5V to + 5.5V 
Commercial 
+ 4.5V to + 5.5V 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
VCC 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA. 


(except An. Bn) 


VOH 
Output 
HIGH 
54F 10% VCC 
2.5 
10H = -1 
mA (An) 


Voltage 
54F 10% Vcc 
2.4 
10H = - 3 mA (An. Bn) 


54F 10% VCC 
2.0 
10H = -12 
mA (Bn) 


74F 10% VCC 
2.5 
V 
Min 
10H = -1 
mA (An) 


74F 10% VCC 
2.4 
10H = - 3 mA (An. Bn) 


74F 10% VCC 
2.0 
10H = - 15 mA (Bn) 


74F5% 
VCC 
2.7 
10H = -1 
mA(An) 


74F 5% VCC 
2.7 
10H = - 3 mA (An. Bn) 


VOL 
Output 
LOW 
54F 10% VCC 
0.5 
10L = 20 mA (An) 


Voltage 
54F 10% Vcc 
0.55 
V 
Min 
10L = 48 mA (Bn) 


74F 10% Vcc 
0.5 
10L = 24 mA (An) 


74F 10% VCC 
0.55 
10L = 64 mA (Bn) 


IIH 
Input HIGH 
54F 
20.0 
/-LA 
VIN = 2.7V (except 
An. Bn) 


Current 
74F 
5.0 
Max 


lavi 
Input HIGH Current 
54F 
100 
/-LA 
VIN = 7.0V (except 
An. Bn) 
Breakdown 
Test 
74F 
7.0 
Max 


laVIT 
Input HIGH Current 
54F 
1.0 
mA 
VIN = 5.5V (An, Bn) 
Breakdown 
(110) 
74F 
0.5 
Max 


ICEX 
Output 
HIGH 
54F 
250 
/-LA 
VOUT = Vcc (An. Bn) 
Leakage 
Current 
74F 
250 
Max 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9/-LA 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
/-LA 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V (OEAB. OEBA) 
-1.2 
VIN = 0.5V (CEAB. CEBA) 


IIl-l + IOZH 
Output 
Leakage 
Current 
70 
/-LA 
Max 
VOUT = 2.7V (An. Bn) 


IlL + 10ZL 
Output 
Leakage 
Current 
-650 
/-LA 
Max 
VOUT = 0.5V (An. Bn) 


DC Electrical Characteristics 
(Continued) 


Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Symbol 
Min 
Typ 
Max 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
Your 
= OV (An) 


-100 
-225 
Your 
= OV (Bn) 


Izz 
Bus Drainage 
Test 
500 
/LA 
O.OV 
Your 
= 5.25V (An, Bn) 


ICCH 
Power Supply Current 
70 
105 
mA 
Max 
Vo = 
HIGH 


ICCL 
Power Supply Current 
85 
130 
mA 
Max 
Vo = 
LOW 


Iccz 
Power Supply Current 
83 
125 
mA 
Max 
VO=HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
54F 
74F 


TA = 
+25°C 
TA. VCC = Mil 
TA. Vcc 
= Com 
Fig 
Symbol 
Parameter 
Vcc 
= 
+5.0V 
CL = 50pF 
CL = 50pF 
Units 
No 
CL = 50pF 


Mln 
Typ 
Max 
Min 
Max 
Min 
Max 


tPLH 
Propagation 
Delay 
3.0 
7.0 
9.5 
3.0 
12.0 
3.0 
10.5 


tPHL 
Transparent 
Mode 
3.0 
5.0 
6.5 
2.5 
8.5 
3.0 
7.5 
ns 
2-3 


An to an or an to An 


tPLH 
Propagation 
Delay 
6.0 
10.0 
13.0 
6.0 
18.0 
6.0 
14.5 
2-3 
tpHL 
LEBA to An 
4.0 
7.0 
9.5 
4.0 
11.5 
4.0 
10.5 
ns 


tpLH 
Propagation 
Delay 
6.0 
10.0 
13.0 
6.0 
18.0 
6.0 
14.5 
2-3 
LEABto 
Bn 
4.0 
7.0 
9.5 
4.0 
11.5 
4.0 
10.5 
ns 
tpHL 


tpZH 
Output 
Enable Time 
3.0 
7.0 
9.0 
3.0 
11.0 
3.0 
10.0 


tpZL 
OEBA or OEAB to An or an 
4.0 
7.5 
10.5 
4.0 
13.0 
4.0 
12.0 


CEBA or CEAB to An or an 
ns 
2-5 
tpHZ 
Output 
Disable Time 
1.0 
6.0 
8.0 
2.0 
10.0 
1.0 
9.0 


tpLZ 
OEBA or OEAB to An or an 
2.5 
5.5 
10.5 
2.0 
9.5 
2.5 
11.5 


CEBA or CEAB to An or an 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
54F 
74F 


Symbol 
Parameter 
TA = 
+25°C 
TA. Vcc 
= Mil 
TA. Vcc 
= Com 
Units 
Fig 


Vcc 
= 
+5.0V 
No 


Mln 
Max 
Min 
Max 
Mln 
Max 


ts(H) 
Setup Time, HIGH or LOW 
3.0 
3.0 
3.0 
ts(L) 
An or an to LEBA or LEAB 
3.0 
3.0 
3.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
3.0 
3.0 
3.0 
th(L) 
An or an to LEBA or LEAB 
3.0 
3.0 
3.0 


tw(L) 
Latch Enable, 
B to A 
6.0 
9.0 
7.5 
2-4 
Pulse Width, 
LOW 
ns 


:»'It' II 'It' :»'1:» UClal t:SIClreClional 
Transceiver with TRI-STATE® Outputs 


General Description 


The 'F545 
is an 8-bit, TRI-STATE, 
high-speed 
transceiver. 
It 
provides 
bidirectional 
drive for bus-oriented 
microprocessor 
and digital 
communications 
systems. 
Straight 
through 
bidi- 
rectional 
transceivers 
are featured, 
with 24 mA (20 mA Mil) 
bus drive capability 
on the A ports and 64 mA (48 mA Mil) 
bus drive capability 
on the 8 ports. 


One input, Transmit/Receive 
(T/R) determines 
the direction 
of logic signals 
through 
the bidirectional 
transceiver. 
Trans- 
mit enables 
data from 
A ports to 8 ports; 
Receive 
enables 
data from 
8 ports to A ports. The Output 
Enable 
input dis- 


ables 
both A and 8 ports 
by placing 
them 
in a TRI-STATE 
condition. 


Ordering Code: 
See Section 
5 


Logic Symbols 


Features 


• 
Higher 
drive than 8304 


• 
8-bit 
bidirectional 
data 
flow 
reduces 
system 
package 
count 


• 
TRI-STATE 
inputs/outputs 
for 
interfacing 
with 
bus-ori- 
ented 
systems 


• 
24 mA (20 mA Mil) and 
64 mA (48 mA 
Mil) bus drive 
capability 
on A and 8 ports, 
respectively 


• 
Transmit/Receive 
and 
Output 
Enable 
simplify 
control 
logic 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


• 
Pin for Pin compatible 
with 
Intel 8286 


Pin Assignment 
for 
DIP, SOIC and Flatpak 


Ao 


Al 


A2 


A5 
~ 


A~ 
5 


A5 
6 


A6 
7 


A7 
8 


DE 
9 


GNo 
10 


20 
Vcr. 


19 
80 


18 
81 


17 
82 


16 
85 


15 
8~ 


U 
85 


15 
86 


12 
87 


11 
T/R 


Pin Assignment 
forLCC 


~"'AsA~A5 
rn [l][!J rn m 
G~~O~~~ 
T/R[j] 
IIJAo 


87ffll 
~vcc 


86~ 
~80 


~~~[j][ID 
lis 8~ B:3B:181 


Inputs 
Outputs 
OE 
T/R 


L 
L 
8us 8 Data to 8us A 


L 
H 
8us A Data to 8us 8 


H 
X 
HighZ 


H - 
HIGH Voltage Level 


L ~ 
LOW Voltage Level 


X = 
Immaterial 
Z ~ 
High Impedance 


54F/74F 
Pin Names 
Description 
U.L. 
Input 
IIH/IIL 
HIGH/LOW 
Output 
IOH/lOL 


OE 
Output 
Enable 
Input (Active 
LOW) 
1.0/2.0 
20 J.l.A/-1.2 
mA 
T/R 
Transmit/Receive 
Input 
1.0/2.0 
20 J.l.A/-1.2 
mA 
Ao-A7 
Side A TRI-STATE 
Inputs or 
3.5/1.083 
70 J.l.A/- 650 J.l.A 
TRI-STATE 
Outputs 
150/40 
(33.3) 
-3 
mA/24 
mA (20 mAl 
80-87 
Side 8 TRI-STATE 
Inputs or 
3.5/1.083 
70 J.l.A/-650 
J.l.A 
TRI-STATE 
Outputs 
600/106.6 
(80) 
-12 
mA/64 
mA (48 mAl 
• 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55·C to + 175·C 
Military 
+ 4.5V to + 5.5V 


Vee Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State (with Vee = OV) 
Standard 
Output 
-0.5Vto 
Vec 
TRI-STATE 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device 
may 
be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current 
limit is sufficient to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VeD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA (OE. T/R) 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA (An) 
Voltage 
54F 10% Vec 
2.4 
10H = -3 
mA (An) 
54F 10% Vec 
2.0 
10H = -12 
mA (Bnl 
74F 10% Vec 
2.5 
V 
Min 
10H = -1 
mA(An) 
74F 10% Vec 
2.4 
10H = -3 
mA (An) 
74F 10% VCC 
2.0 
10H = -15 
mA (Bnl 
74F5% 
Vee 
2.7 
10H = -1 
mA (An) 
74F 5% Vec 
2.7 
10H = -3 
mA (An) 


VOL 
Output 
LOW 
54F 10% Vce 
0.5 
10L = 20 mA (An) 
Voltage 
54F 10% Vcc 
0.55 
V 
Min 
10L = 48 mA (Bn) 
74F 10% Vce 
0.5 
10L = 24 mA (An) 


74F 10% VCC 
0.55 
10L = 64 mA (Bn) 


IIH 
Input HIGH 
54F 
20.0 
IJoA 
Max 
VIN = 2.7V (OE. T/R) 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
IJoA 
Max 
VIN = 7.0V (OE. T/R) 
Breakdown 
Test 
74F 
7.0 


IBVIT 
Input HIGH Current 
54F 
1.0 
mA 
Max 
VIN = 5.5V (An. Bnl 
Breakdown 
(I/O) 
74F 
0.5 


ICEX 
Output HIGH 
54F 
250 
IJoA 
Max 
VOUT = Vcc 
Leakage 
Current 
74F 
50 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.91JoA 
Test 
All Other Pins Grounded 


10D 
Output 
Leakage 
74F 
3.75 
IJoA 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-1.2 
mA 
Max 
VIN = 0.5V (OE, T/R) 


IIH + IOZH 
Output 
Leakage 
Current 
70 
IJoA 
Max 
VOUT = 2.7V (An. Sn) 


IlL + 10ZL 
Output 
Leakage 
Current 
-650 
IJoA 
Max 
VOUT = 0.5V (An. Bn) 


10S 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV (An) 


-100 
-225 
VOUT = OV (Bn) 


DC Electrical Characteristics 
(Continued) 


Symbol 
Parameter 
54F174F 
Units 
VCC 
Conditions 
Min 
Typ 
Max 


Izz 
Bus Drainage 
Test 
500 
IJ-A 
O.OV 
VOUT= 5.25V 


ICCH 
Power Supply Current 
70 
90 
mA 
Max 
Va = HIGH 


ICCL 
Power Supply Current 
95 
120 
mA 
Max 
Va = LOW 


Iccz 
Power Supply Current 
85 
110 
mA 
Max 
Va = HIGHZ 


74F 
54F 
74F 


TA = +25'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
Units 


CL = 50pF 
CL = 50 pF 
CL = 50pF 
No. 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
2.5 
4.2 
6.0 
2.0 
7.5 
2.5 
7.0 


tpHL 
An to Bn or Bn to An 
2.5 
4.6 
6.0 
2.0 
7.5 
2.5 
7.0 
ns 
2-3 


tpZH 
Output 
Enable Time 
3.0 
5.3 
7.0 
2.5 
9.0 
3.0 
8.0 


tpZL 
3.5 
6.0 
8.0 
3.0 
10.0 
3.5 
9.0 
ns 
2-5 
tpHZ 
Output 
Disable Time 
3.0 
5.0 
6.5 
2.5 
9.0 
3.0 
7.5 


tpLZ 
2.0 
5.0 
6.5 
2.0 
10.0 
2.0 
7.5 


Logic Diagram 


.0 
A1 
A4 
•• 
.7 


Tl/F/9556-4 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


'?ANational 
~ 
semiconductor 


54F/74F547 
Octal Decoder/Demultiplexer 
with Address Latches and Acknowledge 


General Description 


The 'F547 
is a 3-to-8 
line address 
decoder 
with latches 
for 
address 
storage. 
Designed 
primarily 
to simplify 
mUltiple chip 
selection 
in a microprocessor 
system, 
it contains 
one active 
LOW 
and two 
active 
HIGH 
Enables 
to conserve 
address 
space. 
Also included 
is an active 
LOW Acknowledge 
output 
that 
responds 
to either 
a Read 
or Write 
input 
signal 
when 
the Enables 
are active. 


Features 


• 
3-to-8 
line address 
decoder 


• 
Address 
storage 
latches 


• 
Multiple 
enables 
for address 
extension 


• 
Open collector 
acknowledge 
output 


Ordering Code: 
See Section 
5 


Logic Symbols 


°2 
01 
2 


ACK 
3 


WR 
4 


iffi 
5 


Ao 
6 


Al 
7 


05 
8 


06 
9 


GND 
10 


Pin Assignment 
forlCC 


OsA1AoROWil 
00 12Jrn rnm 
~ 


Pin Assignment 
for DIP, SOIC and Flatpak 


06 [II 
illACK 


GND IlQJ 
ill 0, 
07 [j] 
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~ Vcc 
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~ 
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Pin Names 
Description 
U.L. 
Input 
IIH/Ill 


HIGH/LOW 
Output 
IOH/IOl 


Ao-A2 
Address 
Select 
Inputs 
1.0/1.0 
20 I'-A/ - 0.6 mA 
E1 
Chip Enable 
Input (Active 
LOW) 
1.0/1.0 
20 I'-A/ - 0.6 mA 


E2, E3 
Chip Enable 
Inputs 
1.0/1.0 
20 I'-A/ -0.6 
mA 


LE 
Latch Enable 
Input 
1.0/1.0 
20 I'-A/ - 0.6 mA 


RD 
Read Acknowledge 
Input (Active 
LOW) 
1.0/1.0 
20 I'-A/ - 0.6 mA 


WR 
Write Acknowledge 
Input (Active 
LOW) 
1.0/1.0 
20 I'-A/ - 0.6 mA 


ACK 
Open Collector 
Acknowledge 
Output 
(Active 
LOW) 
·OC/33.3 
'OC/20 
mA 


00-07 
Decoded 
Outputs 
(Active 
LOW) 
50/33.3 
-1 
mA/20mA 


Functional Description 


When 
enabled, 
the 
'F547 
accepts 
the Ao-A2 
Address 
in- 
puts and decodes 
them 
to select 
one of eight active 
LOW, 


mutually 
exclusive 
outputs, 
as shown 
in the Decoder 
Truth 
Table. 
With 
LE HIGH, the Address 
latches 
are transparent 
and the output 
selection 
changes 
each time the Ao-A2 
ad- 
dress changes. 
When 
LE is LOW, the latches 
store the last 
valid address 
preceding 
the HIGH-to-LOW 
transition 
of the 
LE input signal. 
For applications 
in which 
the separation 
of 
latch 
enable 
and chip enable 
functions 
is not required, 
LE 
and E1 can be tied together, 
such that when 
HIGH the out- 
puts 
are OFF 
and the 
latches 
are transparent, 
and when 
LOW the latches 
are storing 
and the selected 
output 
is en- 
abled. 


The open 
collector 
Acknowledge 
(ACK) 
output 
is normally 
HIGH (Le., OFF) and goes LOW when E1' E2 and E3 are all 
active and either the Read (RD) or Write (WR) input is LOW, 
as indicated 
in the Acknowledge 
Truth Table. 


Inputs 
Output 


E1 
E2 
E3 
RD 
WR 
ACK 


H 
X 
X 
X 
X 
H 


X 
L 
X 
X 
X 
H 


X 
X 
L 
X 
X 
H 
L 
H 
H 
H 
H 
H 
L 
H 
H 
L 
X 
L 
L 
H 
H 
X 
L 
L 


H = HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = Immaterial 


Input 
LE 
Latch 
Status 


H 
Transparent 
L 
Storing 


Inputs 
Decoder 


E1 
E2 
E3 
Outputs 


L 
H 
H 
On = LOWt 


H 
X 
X 
00-07 
= HIGH 


X 
L 
X 
00-07 
= HIGH 


X 
X 
L 
00-07 
= HIGH 


Inputs 
Outputs 


A2 
A1 
AO 
00 
01 
02 
03 
04 
05 
06 
07 


L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
L 
L 
H 
H 
H 
H 
L 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L • 


TLiF/9557-5 


Please note that this diagram is provided only for the understanding 
of logic operations and should not be used to estimate propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
-55·Cto 
+175·C 
Military 
+ 4.5V to + 5.5V 


VCC Pin Potential 
to 
Commercial 
+4.5Vto 
+5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7_0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 


TRI-STATE® 
Output 
- 0.5V to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10l (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current 
limit is sufficient to protect 
inputs. 


DC Electrical Characteristics 


54F174F 
, 


Symbol 
Parameter 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


Vil 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
'OH = -1 
mA (On) 
Voltage 
74F 10% Vcc 
2.5 
V 
Min 
'OH = -1 
mA (On) 


74F 
5% VCC 
2.7 
'OH = -1 
mA(On) 


VOL 
Output 
LOW 
54F 10% VCC 
0.5 
V 
Min 
10l = 20 mA (ACK. On) 
Voltage 
74F 10% Vcc 
0.5 
10l = 20 mA (ACK. On) 


IIH 
Input HIGH 
54F 
20.0 
/LA 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
/LA 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
/LA 
Max 
VOUT = VCC (On) 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9 /LA 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
/LA 
0.0 
VIOO = 150 mV 
Circuit Current 
All Other Pins Grounded 


III 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV (On) 


10HC 
Open Collector. 
Output 
250 
/LA 
Min 
VOUT = VCC (ACK) 
OFF Leakage 
Test 


Icc 
Power Supply Current 
17 
30 
mA 
Max 
• 


- -- 


TA = +2S·C 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
CL = SOpF 


Mln 
Typ 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
2.0 
7.0 
9.0 
3.0 
10.5 
1-5 
10_0 
2-3 
An to On 
4_5 
9_0 
12.0 
5_0 
13.5 
4.0 
13.0 
ns 
tpHL 


tpLH 
Propagation 
Delay 
2.5 
6.5 
8.5 
3.0 
10.0 
2_0 
9_5 
2-3 
ns 
tpHL 
El to On 
3_0 
6_5 
8.5 
3.5 
10.0 
3.0 
9.5 


tPLH 
Propagation 
Delay 
3_5 
7_5 
10.0 
4.0 
11.5 
3.0 
11.0 
2-3 
lEtoOn 
14.0 
5.0 
20_0 
5_0 
15_0 
ns 
tpHL 
5_0 
14_5 


tpLH 
Propagation 
Delay 
4.0 
8.5 
10.0 
4.5 
12.5 
3.0 
11.0 
2-3 
ns 
tpHL 
E2 or E3 to On 
4.0 
8.5 
10.0 
4.5 
12.5 
4.0 
11.0 


tpLH 
Propagation 
Delay 
6_5 
11_0 
13.0 
6.5 
16.0 
6.5 
14.0 
2-3 
E1• RDorWR 
toACK 
3.5 
7.5 
9.5 
3.5 
11.0 
3.0 
10.5 
ns 
tpHL 


tpLH 
Propagation 
Delay 
7.5 
13.0 
14.0 
8.0 
18.5 
7.0 
15.0 
2-3 
tpHL 
E2 or E3 to ACK 
4_5 
8.5 
12_0 
5.0 
12.5 
4_0 
11.0 
ns 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +25·C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Min 
Max 
Mln 
Max 
Mln 
Max 


ts(H) 
Setup Time. HIGH or lOW 
5.0 
5_0 
5_0 


ts(l) 
An to lE 
5.0 
5.0 
5.0 
2-6 
ns 
th(H) 
Hold Time. HIGH or lOW 
6.0 
6.0 
6.0 
th(l) 
An to lE 
6.0 
6.0 
6.0 


tw(H) 
lE Pulse Width, HIGH 
6.0 
6.0 
6.0 
ns 
2-4 
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54F/74F548 
Octal Decoder/Demultiplexer 
with Acknowledge 


General Description 


The 'F548 
is a 3-to-8 
line address 
decoder 
with four Enable 


inputs. 
Two 
of the 
Enables 
are Active 
LOW 
and 
two 
are 
Active 
HIGH for maximum 
addressing 
versatility. 
Also 
pro- 


vided 
is an Active 
LOW Acknowledge 
output 
that responds 
to either 
a Read or Write input signal when the Enables 
are 
active. 


Features 


• 
3-to-8 
line address 
decoder 
• 
Multiple 
enables 
for address 
extension 


• 
Open collector 
acknOWledge 
output 


• 
Active 
LOW decoder 
outputs 


Ordering Code: 
See Section 
5 


Logic Symbols 


Pin Assignment 
for 
Pin Assignment 
DIP, SOIC and Flatpak 
for LCC 


°2 


0:. 
A, 
Ao RDWR 
, 
20 
VCC 
!!lIT][!! rn m 


0, 
2 
'9 
°3 


ffi( 
3 
18 
0, 
"ooOm~ 
WR , 
17 
A2 
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rn~, 


Rii 
5 
16 
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071111 
m02 
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6 
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Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/JOL 


Ao-A2 
Output Select Address 
Inputs 
1.0/1.0 
20 ).LA/-0.6 mA 


El' 
E2 
Chip Enable 
Inputs (Active 
LOW) 
1.0/1.0 
20 ).LA/-0.6 mA 


E3' E4 
Chip Enable Inputs 
1.0/1.0 
20 ).LA/-0.6 mA 
RD 
Read AcknOWledge 
Input (Active 
LOW) 
1.0/1.0 
20).LA/-0.6mA 
WR 
Write Acknowledge 
Input (Active 
LOW) 
1.0/1.0 
20 ).LA/- 0.6 mA 
ACK 
Open Collector 
Acknowledge 
Output (Active 
LOW) 
OC·/33.3 
'/20 
mA 
00-07 
Decoded 
Outputs 
(Active 
LOW) 
50/33.3 
-1 
mA/20 
mA 


Functional Description 


When 
enabled, 
the 
'F548 
accepts 
the Ao-A2 
Address 
in- 
puts and decodes 
them 
to select 
one of eight active 
LOW, 
mutually 
exclusive 
outputs, 
as shown 
in the Decoder 
Truth 
Table. 
When 
one or more 
Enables 
is inactive, 
all decoder 
outputs 
are HIGH. Thus, the 'F548 can be used as a demul- 
tiplexer 
by applying 
data to one of the Enables. 


The open 
collector 
Acknowledge 
(ACK) output 
is normally 
HIGH 
(Le., OFF) 
and goes 
LOW when 
the Enables 
are all 
active and either the Read (RD) or Write (WR) input is LOW, 
as indicated 
in the Acknowledge 
Truth Table. 


Inputs 
Output 


E1 
E2 
E3 
E4 
RD 
WR 
ACK 


H 
X 
X 
X 
X 
X 
H 
X 
H 
X 
X 
X 
X 
H 
X 
X 
L 
X 
X 
X 
H 


X 
X 
X 
L 
X 
X 
H 
L 
L 
H 
H 
H 
H 
H 
L 
L 
H 
H 
L 
X 
L 
L 
L 
H 
H 
X 
L 
L 


H ~ 
HIGH Voltage Level 
L - 
LOW Voltage Level 


X = Immaterial 


Inputs 
Outputs 


E1 
E2 
E3 
E4 
A2 
A1 
Ao 
00 
01 
02 
03 
04 
05 
06 
07 


H 
X 
X 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 


X 
H 
X 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 


X 
X 
L 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 


X 
X 
X 
L 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 


L 
L 
H 
H 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 


L 
L 
H 
H 
L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 


L 
L 
H 
H 
L 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 


L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 


L 
L 
H 
H 
H 
L 
L 
H 
-H 
H 
H 
L 
H 
H 
H 


L 
L 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 


L 
L 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 


L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
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Please 
note that this diagram 
is provided 
only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55·C to + 175·C 
Military 
+ 4.5V to + 5.5V 


VCC Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 


in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 


TRI-STATElID Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 


in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA (00-07) 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA (00-07) 


74F5% 
Vcc 
2.7 
10H = -1 
mA (00-07) 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
I'-A 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


lavi 
Input HIGH Current 
54F 
100 
I'-A 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 
Max 


ICEX 
Output 
HIGH 
54F 
250 
I'-A 
VOUT = Vcc 
Leakage 
Current 
74F 
50 
Max 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.91'-A 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
I'-A 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV (°0-07) 


10HC 
Open Collector, 
Output OFF 
250 
I'-A 
Min 
VOUT = Vcc 
(ACK) 
Leakage 
Test 


ICCH 
Power Supply Current 
14 
21 
mA 
Max 
Vo = HIGH 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 


Symbol 
Parameter 
Vcc 
= +S.OV 
Units 


CL = SO pF 
CL = SOpF 
CL = SOpF 
No. 


Mln 
Typ 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
2.0 
5.5 
8.0 
3.0 
10.0 
1.5 
9.0 


tpHL 
An to On 
4.0 
8.0 
9.5 
4.0 
12.0 
4.0 
10.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
2.5 
6.5 
8.5 
3.0 
10.0 
2.0 
9.5 


tpHL 
E, or E2 to On 
3.5 
6.5 
8.5 
3.5 
10.0 
3.0 
9.5 
ns 
2-3 


tpLH 
Propagation 
Delay 
4.0 
8.5 
9.5 
5.0 
13.0 
3.0 
10.5 


tpHL 
E3 or E4 to On 
4.0 
8.5 
9.5 
4.0 
12.5 
3.5 
10.5 
ns 
2-3 


tpLH 
Propagation 
Delay 
6.5 
11.0 
12.5 
6.5 
16.5 
6.5 
13.0 


tPHL 
E, or E2 to ACK 
3.0 
7.5 
9.5 
3.0 
11.0 
3.0 
10.5 
ns 
2-3 


tpLH 
Propagation 
Delay 
8.0 
13.0 
14.0 
8.0 
19.5 
8.0 
15.0 


tpHL 
E3 or E4 to ACK 
4.0 
8.5 
10.0 
4.0 
13.0 
4.0 
11.5 
ns 
2-3 


tpLH 
Propagation 
Delay 
5.5 
10.0 
12.0 
5.5 
16.5 
5.5 
12.5 


tPHL 
RD or WR to ACK 
2.5 
5.0 
8.0 
2.5 
8.5 
2.5 
8.5 
ns 
2-3 
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54F/74F550 • 54F/74F551 
Octal Registered Transceiver with Status Flags 


General Description 


The 'F550 and 'F551 octal transceivers 
each contain 
two 8- 
bit registers 
for temporary 
storage 
of data flowing 
in either 
direction. 
Each 
register 
has its own 
clock 
pulse 
and clock 
enable 
inputs, 
as well as a flag flip-flop 
that is set automati- 
cally as the register 
is loaded. 
Each flag flip-flop 
is provided 
with a clear input, and each register 
has a separate 
output 
enable 
control 
for 
its TRI-STATE@ 
buffers. 
The 
separate 
clocks, 
flags and enables 
provide 
considerable 
flexibility 
as 
I/O 
ports for demand-response 
data transfer. 
The 'F550 
is 
non-inverting; 
the 'F551 
inverts 
data in both directions. 


Features 


• 
8-bit bidirectional 
I/O 
port with handshake 


• 
Back-to-back 
registers 
for storage 


• 
Register 
status 
flag flip-flops 


• 
Separate 
edge-detecting 
clears 
for flags 


• 
Inverting 
and non-inverting 
versions 


• 
B outputs 
sink 64 mA (48 mA Mil) 


Ordering Code: 
See Section 
5 


Connection 
Diagrams 


Pin Assignment 
for 
Pin Assignment 
DiP, SOiC and Flatpak 
forLCC 
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Connection 
Diagrams 
(Continued) 
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'F551 
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Logic Symbols 


'F550 
'F551 


CPA 
CPS 
CEA 
CES 
OEA 
OES 
CFAS 
CFSA 


Ao-A7 


A-to-S 
Clock Pulse Input (Active 
Rising Edge) 
S-to-A Clock Pulse Input (Active Rising Edge) 
A-to-S 
Clock Enable 
Input (Active 
LOW) 
S-to-A Clock Enable 
Input (Active 
LOW) 
A Output 
Enable 
Input (Active 
LOW) 


S Output 
Enable Input (Active 
LOW) 
A-to-S 
Flag Clear Input (Active 
Rising Edge) 
S-to-A Flag Clear Input (Active 
Rising Edge) 
A-to-S 
Data Inputs or 
TRI-STATE 
S-to-A Outputs 
S-to-A Data Inputs or 
TRI-STATE 
A-to-S Outputs 
A-to-S 
Status Flag Output (Active 
HIGH) 


S-to-A Status Flag Output (Active 
HIGH) 


U.L. 


HIGH/LOW 


1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.011.0 
1.011.0 
1.011.0 


1.0/1.0 
3.5/1.083 
150/40 
(33.3) 
3.5/1.083 
600/106.6 
(80) 
50/33.3 
50/33.3 


Input IIHI/IL 
Output 
IOH/IOL 


20 J.tAl -0.6 
mA 
20 J.tAl - 0.6 mA 
20 J.tAl -0.6 
mA 
20 J.tAl -0.6 
mA 
20 J.tAl -0.6 
mA 


20 J.tAl -0.6 
mA 
20 J.tAl -0.6 
mA 
20 J.tAl -0.6 
mA 
70 J.tAl - 0.65 mA 


-3 mAl24 mA (20 mAl 
70 J.tAl -0.65 
mA 


-12 mAl64 mA (48 mAl 


-1 
mA/20mA 


-1 
mA/20 
mA 


Functional Description 


Data applied 
to the A inputs 
is entered 
and stored 
on the 
rising edge of the A Clock 
Pulse (CPA), provided 
that the A 
Clock 
Enable 
(CEA) is LOW; simultaneously, 
the status flip- 


flop is set and the A-to-B flag (FAB) output goes HIGH. Data 
thus entered 
from the A inputs is present 
at the inputs to the 
B output 
buffers, 
but only appears 
on the B I/O 
pins when 
the B Output 
Enable 
(OEB) signal is made LOW. After the B 
output 
data 
is assimilated, 
the receiving 
system 
clears 
the 
A-to-B 
flag 
flip-flop 
by 
applying 
a 
LOW-to-HIGH 
tran- 


sition 
to the 
CFAB 
input. 
Optionally, 
the 
OEB 
and 
CFAB 
pins can be tied together 
and operated 
by one function 
from 
the receiving 
system. 


Data 
flow 
from 
B-to-A 
proceeds 
in the 
same 
manner 
de- 
scribed 
for A-to-B 
flow. 
Inputs 
CEB and 
CPB enter 
the 
B 
input 
data 
and 
set the 
B-to-A 
flag 
(FBA) 
output 
HIGH. 
A 
LOW 
signal 
on OEA 
enables 
the 
A output 
buffers 
and 
a 
LOW-to-HIGH 
transition 
on CFBA clears 
the FBA flag. 


.------------------------. 
I DETAIL A 
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Please 
note that this diagram 
is provided 
only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


CP 
o 


CE CE 
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Please note that this diagram is provided only for the understanding 
of logic operations and should not be used to estimate propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 
Note 
1: Absolute 
maximum 
ratings are values beyond which the device 
may 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 
be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 
Note 
2: Either voltage 
limit or current 
limit is sufficient 
to protect 
inputs. 


Voltage 
Applied 
to Output 
in HIGH State 
(with VCC = OV) 
Standard 
Output 
-0.5V 
to Vcc 
TRI-STATE 
Output 
- 0.5V to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 


Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


Vco 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA (Ao-Al) 


Voltage 
54F 10% Vcc 
2.4 
10H = -3 
mA (Ao-Al) 


54F 10% Vcc 
2.0 
10H = -12 
mA (Bo-Bl) 


74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA (Ao-Al) 


74F 10% Vcc 
2.4 
10H = -3 
mA (Ao-Al) 


74F 10% Vcc 
2.0 
10H = -15 
mA (Bo-Bl) 


74F 5% Vcc 
2.7 
10H = -1 
mA (Ao-Al) 


74F 5% Vcc 
2.7 
10H = -3 
mA (Ao-Al) 


VOL 
Output 
Low 
54F 10% Vcc 
0.5 
10L = 20 mA (Ao-Al) 


Voltage 
54F 10% Vcc 
0.55 
V 
Min 
10L = 48 mA (Bo-Bl) 


74F 10% Vcc 
0.5 
10L = 24 mA (Ao-Al) 


74F 10% Vcc 
0.55 
10L = 64 mA (Bo-Bl) 


IIH 
Input HIGH 
54F 
20.0 
J.'A 
Max 
VIN = 2.7V (Non I/O Inputs) 


Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
J.'A 
VIN = 7.0V (Non I/O Inputs) 


Breakdown 
Test 
74F 
7.0 
Max 


IBVIT 
Input HIGH Current 
54F 
1.0 
mA 
VIN = 5.5V (An. Bn) 
Breakdown 
(I/O) 
74F 
0.5 
Max 


ICEX 
Output 
HIGH 
54F 
250 
VOUT = Vcc 
Leakage 
Current 
74F 
50 
J.'A 
Max 


VIO 
Input Leakage 
74F 
4.75 
V 
110= 1.9J.'A 
Test 
0.0 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
J.'A 
VIOO = 150mV 
Circuit Current 
3.75 
0.0 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V (Non I/O Inputs) 


IIH + IOZH 
Output 
Leakage 
Current 
70 
",A 
Max 
VOUT = 2.7V (Ao-Al. 
80-81) 


IlL + 
10ZL 
Output 
Leakage 
Current 
-650 
J.'A 
Max 
VOUT = 0.5V (Ao-Al' 
Bo-Bl) • 


DC Electrical Characteristics 
(Continued) 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV (Ao-A7) 


-100 
-225 
mA 
Max 
VOUT = OV (Bo-B7) 


Izz 
Bus Drainage 
Test 
500 
/LA 
O.OV 
VOUT = 5.25V 


ICCH 
Power Supply Current 
84 
140 
mA 
Max 
Va = HIGH 


ICCL 
Power Supply Current 
105 
140 
mA 
Max 
Va = LOW 


Iccz 
Power Supply Current 
102 
140 
mA 
Max 
Va = HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
54F 
74F 


TA = +25°C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 


Symbol 
Parameter 
Vcc = +5.0V 
CL = 50 pF 
CL = 50pF 
Units 
No. 
CL = 50 pF 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
3.0 
5.5 
7.5 
2.5 
8.5 
2-3 
ns 
tpHL 
CPA or CPB to Bn or An 
4.0 
7.0 
9.0 
3.5 
10.0 


tpLH 
Propagation 
Delay 
3.5 
6.0 
8.0 
3.0 
9.0 
ns 
2-3 
CPA or CPB to FBA or FAB 


tpHL 
Propagation 
Delay 
5.0 
9.0 
11.5 
4.5 
13.0 
ns 
2-3 
CFAB or CFBA to FAB or FBA 


tpZH 
Output Enable Time 
2.5 
5.5 
7.5 
2.0 
8.5 


tpZL 
OEA or OEB to An or Sn 
3.5 
7.0 
9.5 
3.0 
10.5 
2-5 
ns 
tpHZ 
Output 
Disable Time 
3.0 
6.5 
9.0 
2.5 
10.0 


tpLZ 
OEA or OEB to An or Bn 
2.5 
5.5 
7.5 
2.0 
8.5 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
54F 
74F 


Symbol 
Parameter 
TA = +25°C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +5.0V 
No. 


Mln 
Max 
Mln 
Max 
Min 
Max 


t5(H) 
Setup Time, HIGH or LOW 
4.0 
4.5 
t5(L) 
An, Bn to CPA, CPB 
4.0 
4.5 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
2.0 
2.5 
th(L) 
An, Bn to CPA, CPB 
2.0 
2.5 


t5(H) 
Setup Time, HIGH or LOW 
1.0 
1.5 
t5(L) 
CEA, CEB to CPA, CPB 
4.0 
4.5 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
2.0 
2.5 
th(L) 
CEA, CEB to CPA, CPB 
2.0 
2.5 


tw(H) 
Pulse Width, HIGH or LOW 
3.0 
, 


3.5 
tw(L) 
CPA or CPB 
3.0 
3.5 
ns 
2-4 


tw(H) 
Pulse Width, HIGH 
3.0 
3.5 
2-4 
CFABorCFBA 
ns 


tree 
Recovery 
Time 
9.0 
10.0 
2-6 
CFAB, CFBA to CPA, CPB 
ns 


~National 
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54F/74F552 
Octal Registered Transceiver with Parity and Flags 


Connection 
Diagrams 


Pin Assignment 
Pin Assignment 
for DIP, SOIC and Flatpak 
for LCC and PCC 
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General Description 


The 'F552 
octal 
transceiver 
contains 
two 8-bit registers 
for 
temporary 
storage 
of data flowing 
in either 
direction. 
Each 
register 
has its own clock 
pulse 
and clock 
enable 
input as 
well as a flag flip-flop 
that is set automatically 
as the register 
is loaded. 
The flag output 
will be reset when the output 
en- 
able 
returns 
to 
HIGH 
after 
reading 
the 
output 
port. 
Each 
register 
has a separate 
output 
enable 
control 
for its TAl- 


STATE<B>buffer. 
The separate 
Clocks, 
Flags, 
and 
Enables 
provide 
considerable 
flexibility 
as I/O 
ports for demand-re- 
sponse 
data transfer. 
When 
data is transferred 
from the A- 
port 
to 
the 
B-port, 
a 
parity 
bit 
is 
generated. 
On 
the 


ERROR 


FS 


FR 


other 
hand, when 
data is transferred 
from the B-port 
to the 
A-port, 
the parity of input data on Bo-B7 
is checked. 


Features 


• 
8-Bit bidirectional 
I/O 
Port with handshake 


• 
Aegister 
status 
flag flip-flops 


• 
Separate 
clock 
enable 
and output 
enable 


• 
Parity generation 
and parity check 


• 
B-outputs 
sink 64 mA 


• 
TAl-STATE 
outputs 


• 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


Ao-A7 
A-to-B 
Port Data Inputs or 
3.5/1.083 
70 IJ-A/ - 0.65 mA 


B-to-A TRI-STATE 
150/40 
(33.3) 
-3 
mA/24 
mA (20 mAl 


Bo-B7 
B-to-A Transceiver 
Inputs or 
3.5/1.083 
70 IJ-A/ -0.65 
mA 
A-to-B TRI-STATE 
Output 
600/106.6 
(80) 
-12 
mA/64 
mA (48 mAl 


FR 
B Port Flag Output 
50/33.3 
-1 
mA/20mA 


FS 
A Port Flag Output 
50/33.3 
-1 
mA/20 
mA 


PARITY 
Parity Bit Transceiver 
Input or Output 
3.511.083 
70 IJ-A/ - 0.65 mA 


600/106.6 
(50) 
-12 
mA/64 
mA (48 mAl 
ERROR 
Parity Check Output 
(Active 
LOW) 
50/33.3 
-1 
mA/20mA 
CER 
R Registers 
Clock Enable 
Input (Active 
LOW) 
1.0/1.0 
20 IJ-A/ -0.6 
mA 
CES 
S Registers 
Clock Enable 
Input (Active 
LOW) 
1.0/1.0 
20 IJ-A/ -0.6 
mA 
CPR 
R Registers 
Clock Pulse Input (Active Rising Edge) 
1.0/1.0 
20 IJ-A/ -0.6 
mA 
CPS 
S Registers 
Clock Pulse Input (Active 
Rising Edge) 
1.0/1.0 
20 IJ-A/ -0.6 
mA 
OEBR 
B Port and PARITY Output Enable 
(Active 
LOW) 
1.012.0 
20 1J-A/-1.2 
mA 
and Clear FR Input (Active 
Rising Edge) 


OEAS 
A Port Output 
Enable (Active 
LOW) 
1.012.0 
20 IJ-A/ -1.2 
mA 
and Clear FS Input (Active 
Rising Edge) 


Functional Description 


Data 
applied 
to the A-inputs 
are entered 
and stored 
in the R 
register 
on the rising edge of the CPR Clock Pulse, provided 
that 
the 
Clock 
Enable 
(CER) 
is LOW; 
simultaneously, 
the 
status flip-flop 
is set and the flag (FR) output goes HIGH. As 
the Clock 
Enable 
(CER) 
returns 
to HIGH, 
the data will be 
held in the R register. 
These data entered 
from the A-inputs 
will appear 
at the 
B-port 
I/O 
pins after 
the Output 
Enable 
(OEBR) 
has gone 
LOW. 
When 
OEBR 
is LOW, a parity 
bit 
appears 
at the 
PARITY 
pin, which 
will be set HIGH 
when 
there 
is an even number 
of 1s or all Os at the Q outputs 
of 
the 
R register. 
After 
the data 
is assimilated, 
the 
receiving 
system 
clears 
the 
flag 
FR by changing 
the 
signal 
at the 
OEBR 
pin from 
LOW to HIGH. 


Data 
flow 
from 
B-to-A 
proceeds 
in the 
same 
manner 
de- 
scribed 
for A-to-B 
flow. A LOW at the CES pin and a LOW- 
to-HIGH 
transition 
at CPS pin enters 
the 
B-input 
data 
and 
the parity-input 
data into the S registers 
and the parity regis- 


ter respectively 
and set the flag output 
FS to HIGH. A LOW 
signal 
at the OEAS 
pin enables 
the A-port 
I/O 
pins and a 
LOW-to-HIGH 
transition 
of the OEAS 
signal 
clears 
the 
FS 
flag. When 
OEAS 
is LOW, the parity check 
output 
ERROR 
will be HIGH if there is an odd number 
of 1s at the Q outputs 
of the S registers 
and the parity register. 
The flag FS can be 
cleared 
by a LOW-to-HIGH 
transition 
of the OEAS signal. 


Register 
Function 
Table 


(Applies 
to R or S Register) 


Inputs 
Internal 
D 
CP 
CE 
Q 
Function 


X 
X 
H 
NC 
Hold Data 
L 
.../ 
L 
L 
Load Data 
H 
.../ 
L 
H 


X 
t 
L 
NC 
Keep Old Data 


H ~ 
HIGH Voltage Level 
L = 
LOW 
Voltage 
Level 


X = 
Immaterial 


--' 
= LOW-la-HIGH 
Transition 


t = 
Not LOW-la-HIGH 
Transition 
NC ~ No Change 


OE 
Internal 
AorB 
Function 
Q 
Outputs 


H 
X 
Z 
Disable Output 


L 
L 
L 
Enable Output 


L 
H 
H 
Enable Output 


H - 
HIGH Voltage Level 
L ~ LOW Voltage Level 


X = 
Immaterial 
Z = High Impedance 


Flag Flip-Flop 
Function 
Table 
(Applies 
to R or S Flag Flip-Flop) 


Inputs 
Flag 
Function 
CE 
CP 
OE 
Output 


H 
X 
t 
NC 
Hold Flag 


L 
.../ 
t 
H 
Set Flag 


X 
X 
.../ 
L 
Clear Flag 


H ~ 
HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = 
Immaterial 


....r = LOW-to-HIGH 
Transition 


t = Not LOW-la-HIGH 
Transition 


NC ~ No Change 


Functional Description 


Parity Generation 
Function 


OEBR 
Number 
of HIGHs in the 
Parity Output 
Q Outputs 
of the R Register 


H 
X 
Z 


L 
0,2,4,6,8 
H 


L 
1,3,5,7 
L 


H ~ 
HIGH Voltage Level 


L ~ LOW Voltage Level 


X = Immaterial 
Z = High Impedance 


Number 
of HIGHs in 
Parity 
OEAS 
the Q Outputs 
of 
ERROR 
Output 


the 5 Register 
Input 


H 
X 
X 
H 


L 
0,2,4,6,8 
L 
L 


L 
1,3,5,7 
L 
H 


L 
0,2,4,6,8 
H 
H 


L 
1,3,5,7 
H 
L 


H ~ 
HIGH Voltage Level 


L ~ 
LOW Voltage Level 
X = Immaterial 


Absolute Maximum Ratings 
(Note 1) 


If Military/Aerospace 
specified 
devices 
are 
required, 
Current 
Applied 
to Output 


please 
contact 
the 
National 
Semiconductor 
Sales 
in LOW State (Max) 
twice the rated IOL (mA) 


Office/Distributors 
for availability 
and specifications. 
Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


Storage 
Temperature 
- 65'C to + 150'C 
be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


Junction 
Temperature 
under Bias 
-55'Cto 
+175'C 


VCC Pin Potential 
to 
Recommended 
Operating 
Ground 
Pin 
-0.5V 
to + 7.0V 
Conditions 
Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 
Free Air Ambient 
Temperature 
Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 
Military 
-55'C 
to + 125'C 


Voltage 
Applied 
to Output 
Commercial 
O'Cto 
+70'C 


in HIGH State 
(with VCC = OV) 
Supply 
Voltage 
Standard 
Output 
-0.5V 
to VCC 
Military 
+ 4.5V to + 5.5V 
TRI-STATE 
Output 
- 0.5V to + 5.5V 
Commercial 
+ 4.5V to + 5.5V 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized as a LOW Signal 


Veo 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA (CER. CES, CPR, CPS. OEBR, OEAS) 


VOH 
Output HIGH 
54F 10% Vee 
2.5 
10H = -1 
mA (FR, FS. ERROR, An) 
Voltage 
54F 10% Vee 
2.4 
10H ~ 
-3 
mA (An. Bn• PARITY) 
54F 10% Vee 
2.0 
10H = -12 
mA (Bn, PARITY) 
74F 10% Vee 
2.5 
V 
Min 
10H = -1 
mA (FR, FS, ERROR. An) 
74F 10% Vee 
2.4 
10H = -3 
mA (An. Bn PARITY) 
74F 10% Vee 
2.0 
10H = -15 
mA (Bn, PARITY) 
74F5% 
Vee 
2.7 
10H = -1 
mA (FR, FS, ERROR. An) 
74F5% 
Vee 
2.7 
10H= -3 
mA (An. Bn• PARITY) 


VOL 
Output LOW 
54F 10% Vee 
0.5 
10L = 20 mA (FR. FS. ERROR, An) 
Voltage 
54F 10% Vee 
0.55 
10L = 48 mA (Bn• PARITY) 
74F 10% Vee 
0.5 
V 
Min 
10L = 20 mA (FR. FS, ERROR) 
74F 10% Vee 
0.5 
10L = 24 mA (An) 
74F 10% Vee 
0.55 
10L = 64 mA (Bn• PARITY) 


IIH 
Input HIGH 
54F 
20.0 
/LA 
Max 
VIN = 2.7V (CER, CES. CPR. CPS, OEBR. OEAS) 
Current 
74F 
5.0 


leVI 
Input HIGH Current 
54F 
100 
/LA 
Max 
VIN = 7.0V (CER, CES. CPR. CPS, OEBR. OEAS) 
Breakdown Test 
74F 
7.0 


leVIT 
Input HIGH Current 
54F 
1.0 
mA 
Max 
VIN = 5.5V (An, Bn, PARITY) 
Breakdown (I/O) 
74F 
0.5 


leEX 
Output HIGH 
54F 
250 
/LA 
Max 
VOUT = Vee (FR. FS. ERROR. An. Bn• PARiTY) 
Leakage Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110~ 1.9/LA 
Test 
All other pins grounded 


100 
Output Leakage 
74F 
3.75 
/LA 
0.0 
VIOO = 150 mV 
Circuit Current 
All other pins grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V (CER. CES, CPR, CPS) 


-1.2 
VIN ~ 0.5V (OEBR. OEAS) 


IIH + 10ZH 
Output Leakage Current 
70 
/LA 
Max 
VOUT = 2.7V (An. Bn• PARITY) 


IlL + 10ZL 
Output Leakage Current 
-650 
/LA 
Max 
VOUT = 0.5V (An. Bn, PARITY) 


10S 
Output Short- 
-60 
-150 
mA 
Max 
VOUT ~ OV (FR. FS, ERROR. An) 
Circuit Current 
-100 
-225 
VOUT = OV (Bn, PARITY) 


Izz 
Bus Drainage Test 
500 
/LA 
O.OV 
VOUT = 5.25V (An, Bn, PARITY) 


leeH 
Power Supply Current 
100 
150 
mA 
Max 
Vo = HIGH 


leeL 
Power Suppiy Current 
100 
150 
mA 
Max 
Vo = LOW 


leez 
Power Supply Current 
110 
165 
mA 
Max 
Vo = HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and load 
Configurations 
I 


74F 
S4F 
74F 


TA = +2S·C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Cl = SO pF 
Cl = SOpF 
Units 
No. 
Cl = SOpF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
3.5 
6.0 
8.0 
3.0 
9.0 
2-3 
ns 
tpHL 
CPS or CPR to An or Sn 
4.0 
7.0 
9.5 
3.5 
10.5 


tpLH 
Propagation 
Delay 
3.0 
5.5 
7.5 
2.5 
8.5 
ns 
2-3 
CPS or CPR to FS or FR 


tpHL 
Propagation 
Delay 
3.5 
6.0 
8.0 
3.0 
9.0 
ns 
2-3 
OEAStoFS 


tpLH 
Propagation 
Delay 
8.0 
14.0 
18.0 
7.0 
20.0 
2-3 
ns 
tPHL 
CPR to Parity 
8.5 
14.5 
18.5 
7.5 
20.5 


tpLH 
Propagation 
Delay 
8.0 
13.5 
17.5 
7.0 
19.5 
2-3 
tpHL 
CPStoERROR 
7.5 
13.0 
16.5 
6.5 
18.5 
ns 


tpLH 
Propagation 
Delay 
3.5 
6.0 
8.0 
3.0 
9.0 
2-3 
tpHL 
OEAS to ERROR 
3.0 
5.0 
7.0 
2.5 
8.0 
ns 


tpZH 
Enable Time OEAS 
3.0 
5.5 
7.5 
2.5 
8.5 


tpZL 
or OESR to Sn or An 
3.5 
7.0 
9.5 
3.0 
10.5 
2-5 
ns 


tPHZ 
Disable Time OEAS 
3.0 
6.5 
8.5 
2.5 
9.5 


tpLZ 
or OESR to Sn or An 
3.0 
5.5 
7.5 
2.5 
8.5 


tpZH 
Enable Time 
3.0 
4.5 
7.5 
2.5 
8.5 


tpZL 
OESR to Parity 
3.5 
6.0 
9.5 
3.0 
10.5 
ns 
2-5 
tpHZ 
Disable Time 
3.0 
5.5 
8.5 
2.5 
9.5 


tpLZ 
OESR to Parity 
3.0 
6.5 
7.5 
2.5 
8.5 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S·C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Min 
Max 
Min 
Max 
Min 
Max 


ts(H) 
Setup Time, HIGH or lOW 
7.5 
8.5 
ts(l) 
An or Sn or Parity 


toCPSorCPR 
4.5 
5.0 


ns 
2-6 
th(H) 
Hold Time, HIGH or lOW 
0 
0 
th(l) 
An or Sn or Parity 
0 
0 


to CPS or CPR 


ts(H) 
Setup, Time HIGH or lOW 
6.0 
7.0 
ts(l) 
CES or CER to CPS or CPR 
10.0 
11.5 
ns 
2-6 
th(H) 
Hold Time, HIGH or lOW 
0 
0 
th(l) 
CES or CER to CPS or CPR 
0 
0 


tw(H) 
Pulse Width, 
HIGH or lOW 
4.0 
4.5 
tw(ll 
CPSorCPR 
6.0 
7.0 
ns 
2-4 


. 


J?A National 
~ 
semiconductor 


54F/74F563 
Octal D-Type Latch with TRI-STATE® Outputs 


General Description 


The 'F563 
is a high-speed 
octal latch with buffered 
common 
Latch 
Enable 
(LE) 
and 
buffered 
common 
Output 
Enable 
(OE) inputs. 


This 
device 
is functionally 
identical 
to the 
'F573, 
but has 
inverted 
outputs. 


Features 


• 
Inputs and outputs 
on opposite 
sides of package 
allowing 
easy interface 
with microprocessors 


• 
Useful 
as input or output 
port for microprocessors 


• 
Functionally 
identical 
to 'F573 


Ordering Code: 
See Section 
5 


Logic Symbols 


Pin Assignment 
for 
DIP, SOIC and Flatpak 


DE 
20 
Vcc 


DO 
19 ° 
0 
01 
18 ° 
1 
O2 
17 ° 
2 


TL/F/9562-3 
03 
5 
16 ° 
3 


D. 
6 
15 
0. 


IEEE/IEC 
Os 
7 
14 
Os 


06 
8 
13 ° 
6 
DE 
07 
9 
12 ° 
7 
LE 
GNO 
10 
11 
LE 


DO 
° 
0 
TL/F/9562-1 


01 
° 
1 


O2 
° 
2 
03 
° 
3 


D. 
0. 


Os 
Os 


06 
° 
6 


0] 
0] 


TLlF/9562-5 


Pin Assignment 
for 
LCC 


06 Os D. 03 ~ 
rID [I][IJ rn [I] 


~oo 


GNO IIQ] 
LE (j] 
0] 1m 
°6 ij] 


mOl 
!II do 
[j]DE 


~VCC 


IIID °0 


~~Irn[l]1!ID 
Os 0. °3 °2 0, 


54F/74F 


Pin Names 
Description 
U.L. 
Input 
IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 
00-07 
Data Inputs 
1.0/1.0 
20 IJ-Al-0.6 mA 
LE 
Latch Enable 
Input (Active 
HIGH) 
1.0/1.0 
20 IJ-Al-0.6 mA 
OE 
TRI-STATE 
Output 
Enable 
Input (Active 
LOW) 
1.0/1.0 
20 IJ-AI - 0.6 mA 
00-07 
TRI-STATE 
Latch Outputs 
150/40 (33.3) 
-3 mAl24 mA (20 mAl 


Functional Description 


The 
'F563 
contains 
eight 
D-type 
latches 
with 
TRI-STATE 
output 
buffers. 
When 
the Latch 
Enable 
(LE) input is HIGH, 
data 
on the 
Dn inputs 
enters 
the 
latches. 
In this condition 
the latches 
are transparent, 
i.e., a latch 
output 
will change 
state 
each time its D input changes. 
When 
LE is LOW the 
latches 
store the information 
that was present 
on the Din- 
puts a setup time preceding 
the HIGH-to-LOW 
transition 
of 
LE. The 
TRI-STATE 
buffers 
are controlled 
by the 
Output 
Enable 
(OE) input. When 
OE is LOW, the buffers 
are in the 
bi-state 
mode. When OE is HIGH the buffers 
are in the high 
impedance 
mode 
but this does 
not interfere 
with 
entering 
new data into the latches. 


Inputs 
Internal 
Output 
Function 
OE 
LE 
0 
Q 
0 


H 
X 
X 
X 
Z 
HighZ 


H 
H 
L 
H 
Z 
HighZ 


H 
H 
H 
L 
Z 
HighZ 


H 
L 
X 
NC 
Z 
Latched 


L 
H 
L 
H 
H 
Transparent 


L 
H 
H 
L 
L 
Transparent 


L 
L 
X 
NC 
NC 
Latched 


H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = Immaterial 
Z = High Impedance 
NC ~ No Change 


• 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
-55·C 
to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
-55·C 
to + 175°C 
Military 
+4.5Vto 
+5.5V 


Vee 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vee = OV) 
Standard 
Output 
-0.5VtoVee 
TRI-STATE 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VeD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vee 
2.5 
10H = -1 
mA 


Voltage 
54F 10% Vee 
2.4 
10H = -3 
mA 


74F 10% Vee 
2.5 
V 
Min 
10H = -1 
mA 


74F 10% Vee 
2.4 
10H = -3 
mA 


74F5% 
Vee 
2.7 
10H = -1 
mA 


74F5% 
Vee 
2.7 
10H = -3 
mA 


VOL 
Output 
LOW 
54F 10% Vee 
0.5 
V 
Min 
tOL = 20 mA 


Voltage 
74F 10% Vee 
0.5 
10L = 24mA 


IIH 
Input HIGH 
54F 
20.0 
IJoA 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
IJoA 
Max 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 


leEX 
Output 
HIGH 
54F 
250 
IJoA 
Max 
VOUT = Vee 


Leakage 
Current 
74F 
50 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.91JoA 


Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
IJoA 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10lH 
Output 
Leakage 
Current 
50 
IJoA 
Max 
VOUT = 2.7V 


lOlL 
Output 
Leakage 
Current 
-50 
IJoA 
Max 
VOUT = 0.5V 


10S 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


III 
Bus Drainage 
Test 
500 
IJoA 
O.OV 
VOUT = 5.25V 


leeL 
Power Supply Current 
40 
61 
mA 
Max 
Vo = LOW 


leel 
Power Supply Current 
40 
61 
mA 
Max 
Vo = HIGHZ 


74F 
54F 
74F 


TA = +25°C 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 


Symbol 
Parameter 
Vcc = +5.0V 
Cl = 50pF 
Cl = 50pF 
Units 
No. 
Cl = 50pF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
3.5 
8.5 
3.0 
10.5 
3.0 
9.5 
2-3 
Do to On 
2.0 
2.0 
7.0 
ns 
tpHl 
2.5 
6.5 
7.5 


tpLH 
Propagation 
Delay 
4.5 
9.5 
4.0 
11.0 
4.0 
10.5 
2-3 
tPHL 
LEtoOn 
3.0 
7.0 
2.5 
7.5 
2.5 
7.0 
ns 


Output 
Enable Time 
2.0 
- 
7.5 
2.0 
9.5 
2.0 
9.0 
tpZH 


tpZL 
3.0 
8.5 
2.5 
10.0 
1.5 
9.5 
2-5 
ns 


tpHZ 
Output 
Disable Time 
1.5 
5.5 
1.5 
7.0 
1.5 
6.5 


tpLZ 
1.5 
5.5 
1.5 
5.5 
1.5 
5.5 


74F 
54F 
74F 


Symbol 
Parameter 
TA = +25°C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 
Vcc = +5.0V 
No. 


Mln 
Max 
Min 
Max 
Min 
Max 


ts(H) 
Setup Time, HIGH or LOW 
2.0 
2.0 
2.0 


ts(L) 
Dn to LE 
2.0 
2.0 
2.0 
ns 
2-6 


th(H) 
Hold Time, HIGH or LOW 
3.0 
3.0 
3.0 
2-6 
th(L) 
Dn to LE 
3.0 
3.0 
3.0 
ns 


• 


tw(H) 
LE Pulse Width, HIGH 
4.0 
4.0 
4.0 
ns 
2-4 


~National 
~ 
semiconductor 


54F/74F564 
Octal D-Type Flip-Flop with TRI-STATE® Outputs 


General Description 


The 'F564 
is a high-speed, 
low power 
octal 
flip-flop 
with a 
buffered 
common 
Clock 
(CP) and a buffered 
common 
Out- 
put Enable 
(OE). The information 
presented 
to the D inputs 


is sorted 
in the flip-flops 
on the 
LOW-to-HIGH 
Clock 
(CP) 
transition. 


This 
device 
is functionally 
identical 
to the 
'F574, 
but has 
inverted 
outputs. 


Features 


• 
Inputs 
and outputs 
on opposite 
sides 
of package 
allow 
easy interface 
with microprocessors 


• 
Useful 
as input or output 
port for microprocessors 


• 
Functionally 
identical 
to 'F574 


• 
TRI-STATE 
outputs 
for bus-oriented 
applications 


Pin Assignment 
for DIP, SOIC and Flatpak 


OE 
1 
20 
Vcc 


00 
2 
19 
° 
0 


°1 
3 
18 
° 
1 


°2 
4 
17 
° 
2 
Tl/F/9563-3 


° 
3 
°3 
5 
16 


IEEEIIEC 
0. 
6 
15 
0. 


°5 
7 
14 
°s 
OE 
°6 
8 
13 
° 
6 
CP 
~ 
9 
12 
° 
7 


GNO 
10 
11 
CP 


°0 
° 
0 


°1 
° 
1 
Tl/F/9563-1 


°2 
° 
2 


°3 
° 
3 
0. 
0. 


°5 
°s 
°6 
° 
6 
~ 
° 
7 
Tl/F/9563-6 


Pin Assignment 
for LCC 


06 Os 0. 
~ 
D:z 
[[][I]ill ~][Il 


~[]] 


GNO IIQJ 


CP [j) 
°7 lrn 
06 1m 


mOl 
[IJ 00 
[]JOE 


~VCC 


IIID °0 


1!.1I1lID1!ID1I1l1!ID 
Os0. °3 °2 °1 


54F/74F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


Do-D7 
Data Inputs 
1.0/1.0 
20 I'-Al- 0.6 mA 
CP 
Clock Pulse Input (Active 
Rising Edge) 
1.0/1.0 
20 I'-AI - 0.6 mA 
OE 
TRI-STATE 
Output 
Enable 
Input (Active 
LOW) 
1.0/1.0 
20 I'-Al-0.6 mA 
00-07 
TRI-STATE 
Outputs 
150/40 
(33.3) 
-3 
mAl24 
mA (20 mAl 


Functional Description 


The 'F564 
consists 
of eight edge-triggered 
flip-flops 
with in- 
dividual 
D-type 
inputs 
and 
TRI-STATE 
true 
outputs. 
The 
buffered 
clock 
and buffered 
Output 
Enable 
are common 
to 
all flip-flops. 
The eight flip-flops 
will store 
the state 
of their 
individual 
D inputs 
that 
meet the setup 
and hold times 
re- 


quirements 
on the LOW-to-HIGH 
Clock (CP) transition. 
With 
the Output 
Enable 
(OE) LOW, the contents 
of the eight flip- 
flops 
are available 
at the 
outputs. 
When 
OE is HIGH, 
the 
outputs 
go to the 
high impedance 
state. 
Operation 
of the 
OE input does 
not affect 
the state of the flip-flops. 


Inputs 
Internal 
Outputs 
Function 
OE 
CP 
D 
Q 
0 


H 
H 
L 
NC 
Z 
Hold 


H 
H 
H 
NC 
Z 
Hold 


H 
....r 
L 
H 
Z 
Load 


H 
....r 
H 
L 
Z 
Load 


L 
....r 
L 
H 
H 
Data Available 


L 
....r 
H 
L 
L 
Data Available 


L 
H 
L 
NC 
NC 
No Change 
in Data 


L 
H 
H 
NC 
NC 
No Change 
in Data 


H ~ 
HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = 
Immaterial 
Z = High Impedance 
.../ 
~ 
LOW-to-HIGH 
Transition 
NC ~ 
No Change 


TLIF/9563-4 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays . 


• 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
-65'Cto 
+ 150"C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+ 4.5V to + 5.5V 


Vee Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vee = OV) 
Standard 
Output 
-0.5Vto 
Vee 
TR I-STATE Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VeD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vee 
2.5 
10H = -1 
mA 


Voltage 
54F 10% Vee 
2.4 
10H = -3mA 


74F% 
10% Vee 
2.5 
V 
Min 
10H = -1 
mA 


74F% 
10% Vee 
2.4 
10H = -3 
mA 


74F% 
5% Vee 
2.7 
10H = -1 
mA 


74F% 
5% Vee 
2.7 
10H = -3 
mA 


VOL 
Output 
LOW 
54F 10% Vee 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vee 
0.5 
10L = 24 mA 


IIH 
Input HIGH 
54F 
20.0 
IJ-A 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
IJ-A 
Max 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 


leEX 
Output 
HIGH 
54F 
250 
IJ-A 
Max 
Your 
= Vee 
Leakage 
Current 
74F 
50 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9IJ-A 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
IJ-A 
0.0 
VIOD = 150 mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10ZH 
Output 
Leakage 
Current 
50 
IJ-A 
Max 
Your 
= 2.7V 


10ZL 
Output 
Leakage 
Current 
-50 
IJ-A 
Max 
Your 
= 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
Your 
= OV 


Izz 
Bus Drainage 
Test 
500 
IJ-A 
O.OV 
Your 
= 5.25V 


leez 
Power Supply Current 
55 
86 
mA 
Max 
Vo = HIGHZ 


AC Electrical Characteristics: 
See Section 2 for Waveforms 
and load 
Configurations 


74F 
54F 
74F 


TA = +25'C 
TA. VCC = Mil 
TA, Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
CL = 50pF 
CL = 50 pF 
Units 
No. 
CL = 50pF 


Mln 
Typ 
Max 
Min 
Max 
Min 
Max 


fmax 
Maximum 
Clock Frequency 
100 
60 
70 
MHz 
2-1 


tpLH 
Propagation 
Delay 
2.5 
5.2 
8.5 
2.5 
9.5 
2.5 
8.5 
2-3 
tpHL 
CPtoOn 
2.5 
5.9 
8.5 
2.5 
9.5 
2.5 
8.5 
ns 


tpZH 
Output 
Enable Time 
3.0 
5.6 
9.0 
2.5 
10.5 
2.5 
10.0 


tpZL 
3.0 
6.2 
9.0 
2.5 
10.5 
2.5 
10.0 
2-5 
ns 


tpHZ 
Output 
Disable Time 
1.5 
3.4 
5.5 
1.5 
7.0 
1.5 
6.5 


tpLZ 
1.5 
2.7 
5.5 
1.5 
7.0 
1.5 
6.5 


AC Operating Requirements: 
See Section 2 for Waveforms 


74F 
54F 
74F 


Symbol 
Parameter 
TA = +25'C 
TA. Vcc = Mil 
TA,VCC 
= Com 
Units 
Fig. 


Vcc = +5.0V 
No. 


Min 
Max 
Min 
Max 
Mln 
Max 


ts(H) 
Setup Time. HIGH or lOW 
2.0 
2.5 
2.0 


ts(l) 
Dn to CP 
2.5 
3.0 
2.5 
-- 
2-6 
ns 
th(H) 
Hold Time, HIGH or lOW 
2.0 
2.0 
2.0 


th(l) 
Dn toCP 
2.0 
2.0 
2.0 


tw(H) 
CP Pulse Width 
5.0 
5.0 
5.0 


twILl 
HIGH or lOW 
5.0 
5.0 
5.0 
ns 
2-4 
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54F/74F568 • 54F/74F569 
4-Bit Bidirectional Counters with TRI-STATE® Outputs 


General Description 


The 'F568 and 'F569 are fully synchronous, 
reversible 
coun- 


ters with TRI-STATE 
outputs. 
The 'F568 
is a BCD decade 


counter; 
the 'F569 
is a binary counter. 
They feature 
preset 
capability 
for programmable 
operation, 
carry 
lookahead 
for 


easy cascading, 
and a U/i5 input to control 
the direction 
of 


counting. 
For 
maximum 
flexibility 
there 
are both 
synchro- 


nous and master 
asynchronous 
reset inputs as well as both 
Clocked 
Carry 
(CG) and 
Terminal 
Count 
(TG) outputs. 
All 
state changes 
except 
Master 
Reset 
are initiated 
by the ris- 
ing edge of the clock. 
A HIGH signal on the Output 
Enable 


(OEl input forces 
the output 
buffers 
into the high impedance 
state 
but does 
not 
prevent 
counting, 
resetting 
or parallel 
loading. 


Features 


• 
Synchronous 
counting 
and loading 


• 
Lookahead 
carry capability 
for easy cascading 


• 
Preset 
capability 
for programmable 
operation 


• 
TRI-STATE 
outputs 
for bus organized 
systems 


IEEE/IEC 


'F568 
IEEE/IEC 


'F569 


ij[ 


cc 
ulD 


Te 
CP 


en 
ill 


Sii 


P£ 
TLIF/9565-1 


iiR 


" 


3,50 
" 
" 
" 


ij[ 


UID 


CP 


en 


CEP 


Sii 


P£ 


iiR 


" 


3,50 


'I 
" 
" 


Pin Assignment 


for DIP, SOIC and Flatpak 
Pin Assignment 
for LCC 


U/O 
20 
Vcc 


ep 
19 
fC 


Po 
18 
cc 


P, 
17 
BE 


P2 
5 
16 
°0 
P3 
6 
15 
0, 
W 
7 
14 
O2 
ilR 
8 
13 
03 


SR 
9 
12 
crT 


GNO 
'0 
11 
PE 
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54F174F 


Pin Names 
Description 
U.L. 
Input I'HII'L 
HIGH/LOW 
Output 
IOH/IOL 


PO-P3 
Parallel 
Data Inputs 
1.0/1.0 
20 I'-Al-0.6 mA 


CEP 
Count Enable Parallel 
Input (Active 
LOW) 
1.0/1.0 
20 I'-Al-0.6 mA 


CET 
Count Enable Trickle 
Input (Active 
LOW) 
1.0/1.0 
20 I'-Al-1 .2 mA 


CP 
Clock Pulse Input (Active 
Rising Edge) 
1.0/1.0 
20 I'-Al-0.6 mA 


PE 
Parallel 
Enable Input (Active 
LOW) 
1.011.0 
20 I'-Al-1 .2 mA 


U/O 
Up/Down 
Count Control 
Input 
1.0/1.0 
20 I'-Al-0.6 mA 


OE 
Output 
Enable 
Input (Active 
LOW) 
1.0/1.0 
20 I'-Al-0.6 mA 


MR 
Master 
Reset Input (Active 
LOW) 
1.0/1.0 
20 I'-A/- 
0.6 mA 


SR 
Synchronous 
Reset Input (Active 
LOW) 
1.0/1.0 
20 I'-Al- 0.6 mA 


00-03 
TRI-STATE 
Parallel Data Outputs 
150/40(33.3) 
-3 mAl24 mA (20 mAl 


TC 
Terminal 
Count Output (Active 
LOW) 
50/33.3 
-1 
mAl20mA 


CC 
Clocked 
Carry Output 
(Active 
LOW) 
50/33.3 
-1 
mAl20mA 


Functional Description 


The 'F568 
counts 
modul0-10 
in the BCD (8421) 
sequence. 


From state 9 (HLLH) 
it will increment 
to 0 (LLLL) 
in the Up 
mode; 
in Down 
mode 
it will decrement 
from 
0 to 9. The 


'F569 
counts 
in the modul0-16 
binary sequence. 
From state 
15 it will increment 
to state 0 in the Up mode; 
in the Down 
mode 
it will decrement 
from 0 to 15. The clock 
inputs 
of all 
flip-flops 
are driven 
in parallel 
through 
a clock 
buffer. 
All 
state 
changes 
(except 
due 
to Master 
Reset) 
occurs 
syn- 
chronously 
with 
the 
LOW-to-HIGH 
transition 
of the 
Clock 
Pulse (CP) input signal. 


The circuits 
have five fundamental 
modes 
of operation, 
in 
order 
of precedence: 
asynchronous 
reset, 
synchronous 
re- 
set, parallel 
load, count and hold. Five control 
inputs-Mas- 
ter Reset 
(MR), 
Synchronous 
Reset 
(SR), 
Parallel 
Enable 
(PE), Count 
Enable 
Parallel 
(CEP) and Count 
Enable Trickle 
CET)-plus 
the Up/Down 
(U/O) 
input, determine 
the mode 
of operation, 
as shown 
in the Mode 
Select 
Table. 
A LOW 
signal on MR overrides 
all other 
inputs and asynchronously 
forces 
the flip-flop 
Q outputs 
LOW. 
A LOW 
signal 
on SR 
overrides 
counting 
and 
parallel 
loading 
and 
allows 
the Q 
outputs 
to go LOW on the nex1 rising edge 
of CPo A LOW 
signal 
on PE overrides 
counting 
and allows 
information 
on 
the Parallel 
Data (Pn) inputs to be loaded 
into the flip-flops 
on the next rising edge of CPo With 
MR, SR and PE HIGH, 


CEP and CET 
permit 
counting 
when 
both 
are LOW. 
Con- 
versely, 
a HIGH signal on either 
CEP or CET inhibits 
count- 


ing. 


The 
'F568 
and 
'F569 
use 
edge-triggered 
flip-flops 
and 
changing 
the SR, PE, CEP, CET or U/O inputs when the CP 
is in either 
state 
does 
not cause 
errors, 
provided 
that 
the 
recommended 
setup and hold times, with respect 
to the ris- 
ing edge of CP, are observed. 


Two 
types 
of outputs 
are provided 
as overflow/underflow 
indicators. 
The Terminal 
Count (TG) output is normally 
HIGH 
and 
goes 
LOW 
providing 
CET 
is 
LOW, 
when 
the 


counter 
reaches 
zero in the Down 
mode, 
or reaches 
maxi- 
mum (9 for the 'F568, 
15 for the 'F569) 
in the Up mode. TC 
will then 
remain 
LOW until a state change 
occurs, 
whether 
by counting 
or presetting, 
or until U/O 
or CET is changed. 


To implement 
synchronous 
multistage 
counters, 
the 
con- 
nections 
between 
the TC output 
and the CEP and CET in- 
puts can provide 
either 
slow or fast carry propagation. 


Figure 
1 shows 
the connections 
for simple 
ripple 
carry, 
in 
which 
the clock 
period 
must 
be longer 
than 
the CP to TC 
delay 
of the first stage, 
plus the cumulative 
CET to TC de- 
lays of the intermediate 
stages, 
plus the CET to CP setup 
time of the last stage. This total delay 
plus setup time sets 
the 
upper 
limit on clock 
frequency. 
For faster 
clock 
rates, 
the carry lookahead 
connections 
shown 
in Figure 2 are rec- 
ommended. 
In this scheme 
the ripple delay through 
the in- 
termediate 
stages 
commences 
with 
the 
same 
clock 
that 
causes 
the first stage to tick over from max to min in the Up 
mode, 
or min to max in the 
Down 
mode, 
to start 
its final 
cycle. 
Since 
this final 
cycle 
takes 
10 ('F568) 
or 16 ('F569) 
clocks 
to complete, 
there 
is plenty 
of time for the ripple to 
progress 
through 
the intermediate 
stages. The critical 
timing 
that limits the clock 
period 
is the CP to TC delay of the first 
stage 
plus the CEP to CP setup time of the last stage. 
The 
TC output 
is subject 
to decoding 
spikes 
due to internal 
race 
conditions 
and is therefore 
not recommended 
for use as a 
clock or asynchronous 
reset for flip-flops, 
registers 
or coun- 
ters. For such applications, 
the Clocked 
Carry (CG) output 
is 
provided. 
The CC output 
is normally 
HIGH. When CEP, CET, 


and TC are LOW, the CC output will go LOW when the clock 
nex1 goes LOW and will stay LOW until the clock goes HIGH 
again, 
as shown 
in the CC Truth 
Table. 
When 
the Output 
Enable 
(OE) is LOW, the parallel 
data 
outputs 
00-03 
are 


active 
and follow 
the flip-flop 
Q outputs. 
A HIGH signal 
on 
OE forces 
00-03 
to the High Z state but does not prevent 
counting, 
loading 
or resetting. 
• 


Logic Equations 


Count 
Enable 
= CEP • CET • PE 


Up ('F568): 
TC = Qo • 01 
• 02 
• Q3 • (Up) • CET 
('F569): 
TC = Qo • Q1 • Q2 • Q3 • (Up) • CET 
Down 
(Both): 
TC = 00 
• 01 • 02 
• 03 
• (Down) 
• CET 


Inputs 
Output 


SR 
PE 
CEP 
CEr 
rc' 
CP 
CC 


L 
X 
X 
X 
X 
X 
H 


X 
L 
X 
X 
X 
X 
H 


X 
X 
H 
X 
X 
X 
H 


X 
X 
X 
H 
X 
X 
H 


X 
X 
X 
X 
H 
X 
H 


H 
H 
L 
L 
L 
"""l.J 
"""l.J 


·m is generated 
internally 
H ~ HIGH Vollage 
Level 
L ~ 
LOW Vollage 
Level 


X = Immaterial 
LJ ~ HIGH-Io-LOW-Io-HIGH 
Clock Transition 


Inputs 
Operating 


MR 
SR 
PE 
CEP 
CEr 
UfO 
Mode 


L 
X 
X 
X 
X 
X 
Asynchronous 
Reset 


H 
L 
X 
X 
X 
X 
Synchronous 
Reset 


H 
H 
L 
X 
X 
X 
Parallel Load 


H 
H 
H 
H 
X 
X 
Hold 


H 
H 
H 
X 
H 
X 
Hold 


H 
H 
H 
L 
L 
H 
Count Up 


H 
H 
H 
L 
L 
L 
CountDown 


H = HIGH Vollage Level 
L ~ LOW Vollage 
Level 
X = Immaterial 


CEP 


CEl 
TC 


• - - - - 
COUNT DOWN 


- 
COUNT UP 


. - - - - 
COUNT DOWN 


- 
COUNT UP 
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Absolute 
Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for 
availability 
and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 
Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
- 55·C to + 175·C 
Military 
+ 4.5V to + 5.5V 


VCC Pin Potential 
to 
Commercial 
+4.5Vto 
+5.5V 


Ground 
Pin 
-0.5Y 
to + 7.0Y 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5Vto 
Vcc 
TRI-STATE 
Output 
- 0.5V to + 5.5V 


Current 
Applied 
to Output 
in lOW 
State (Max) 
twice the rated 10L (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged 
or have its useful life impaired. 
Functional 
operation 
under 
these conditions 
is not implied. 


Note 2: Either voltage limit or current limit is sufficient 
to protect inputs. 


DC Electrical 
Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input lOW 
Voltage 
0.8 
V 
Recognized 
as a lOW 
Signal 


Vco 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA (TC, CC, On) 


Voltage 
54F 10% Vcc 
2.4 
10H = -3 
mA (On) 


74F 10% VCC 
2.5 
V 
Min 
10H = -1 
mA (TC, CC, On) 


74F 10% VCC 
2.4 
10H = -3 
mA (On) 


74F5% 
VCC 
2.7 
'OH = -1 
mA (TC, CC, On) 


74F5% 
VCC 
2.7 
10H = -3 
mA (On) 


VOL 
Output 
lOW 
54F 10% VCC 
0.5 
10L = 20 mA (fe, ce, On) 


Voltage 
74F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA (fe, ee) 


74F 10% Vcc 
0.5 
10L = 24 mA (On) 


IIH 
Input HIGH 
54F 
20.0 
I-'A 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


'avi 
Input HIGH Current 
54F 
100 
I-'A 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
I-'A 
Max 
Your 
= Vcc 
(TC, CC, On) 
leakage 
Current 
74F 
50 


VIO 
Input leakage 
74F 
4.75 
V 
0.0 
110= 1.91-'A 
Test 
All Other Pins Grounded 


100 
Output 
leakage 
74F 
3.75 
I-'A 
0.0 
VIOO = 150 mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input lOW 
Current 
-0.6 
mA 
Max 
VIN = 0.5V (Pn, CEP, CP, UfO, OE, MR, SR) 


-1.2 
mA 
Max 
VIN = 0.5V (PE, CET) 


DC Electrical Characteristic 
(Continued) 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


10ZH 
Output 
Leakage 
Current 
50 
I-'A 
Max 
VOUT = 2.7V (On) 


10ZL 
Output 
Leakage 
Current 
-50 
I-'A 
Max 
VOUT = 0.5V (On) 


108 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV (TC, ce, On) 


IZZ 
Bus Drainage 
Test 
500 
I-'A 
O.OV 
VOUT = 5.25V (On) 


ICCH 
Power Supply Current 
45 
67 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
45 
67 
mA 
Max 
Vo = LOW 


ICCZ 
Power Supply Current 
45 
67 
mA 
Max 
Vo = HIGHZ 
. 


'F568 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
54F 
74F 


TA = +25°C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
CL = 50pF 
CL = 50 pF 
Units 
No. 
CL = 50 pF 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


fmax 
Maximum 
Clock Frequency 
100 
115 
90 
MHz 
2-1 


tpLH 
Propagation 
Delay 
3.0 
6.5 
8.5 
3.0 
9.5 


tpHL 
CP to On (PE HIGH or LOW) 
4.0 
9.0 
11.5 
4.0 
13.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
5.5 
12.0 
15.5 
5.5 
17.5 


tpHL 
CPtoTC 
4.0 
8.5 
11.0 
4.0 
12.5 
ns 
2-3 


tpLH 
Propagation 
Delay 
2.5 
4.5 
6.0 
2.5 
7.0 


tpHL 
CET to TC 
2.5 
6.0 
8.0 
2.5 
9.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
3.5 
8.5 
11.0 
3.5 
12.5 


tpHL 
U/Dto 
TC 
4.0 
12.5 
16.0 
4.0 
18.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
2.5 
5.5 
7.0 
2.5 
8.0 


tpHL 
CP to CC 
2.0 
4.5 
6.0 
2.0 
7.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
2.5 
5.0 
6.5 
2.5 
7.5 
2-3 


tPHL 
CEP, CET to CC 
4.0 
8.5 
11.0 
4.0 
12.5 
ns 


tpHL 
Propagation 
Delay 
5.0 
10.0 
13.0 
5.0 
14.5 
MRtoOn 
ns 
2-3 


tpZH 
Output 
Enable Time 
2.5 
5.5 
7.0 
2.5 
8.0 


tpZL 
OE to On 
3.0 
6.0 
8.0 
3.0 
9.0 
ns 
2-5 


tpHZ 
Output 
Disable Time 
1.5 
5.0 
6.5 
1.5 
7.5 


tpLZ 
OEtoOn 
2.0 
4.5 
6.0 
2.0 
7.0 


'F568 


AC Operating Requirements: 
See Section 
2 for Waveforms 
;. 


74F 
54F 
74F 


Symbol 
Parameter 
TA = +25°C 
TA. Vcc 
= Mil 
TA. Vcc 
= Com 
Units 
Fig. 


Vcc 
= +5.0V 
No. 


Min 
Max 
Min 
Max 
Mln 
Max 


ts(H) 
Setup Time, HIGH or LOW 
4.0 
4.5 


ts(L) 
Pn toCP 
4.0 
4.5 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
3.0 
3.5 


th(L) 
Pn to CP 
3.0 
3.5 


ts(H) 
Setup Time, HIGH or LOW 
5.0 
6.0 


ts(L) 
CEP or CET to CP 
5.0 
6.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
0 
0 


th(L) 
CEP or CET to CP 
0 
0 


ts(H) 
Setup Time, HIGH or LOW 
8.0 
9.0 


ts(L) 
PE to CP 
8.0 
9.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
0 
0 


th(L) 
PEtoCP 
0 
0 


ts(H) 
Setup Time, HIGH or LOW 
11.0 
12.5 
2-6 
ts(L) 
U/DtoCP 
16.0 
17.5 
ns 


th(H) 
Hold Time, HIGH or LOW 
0 
0 
2-6 
th(L) 
U/DtoCP 
0 
0 
ns 


ts(H) 
Setup Time, HIGH or LOW 
9.5 
10.5 


ts(L) 
SR toCP 
8.5 
9.5 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
0 
0 


th(L) 
SR toCP 
0 
0 


tw(H) 
CP Pulse Width, 
4.0 
4.5 


twILl 
HIGH or LOW 
6.0 
6.5 
ns 
2-4 


, 


twILl 
MR Pulse Width, 
LOW 
4.5 
5.0 
ns 
2-4 


tree 
MR Recovery 
Time 
6.0 
7.0 
ns 
2-6 


'F569 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
CL = SOpF 


Mln 
Typ 
Max 
Mln 
Max 
Min 
Max 


fmax 
Maximum 
Clock Frequency 
90 
70 
MHz 
2-1 


tpLH 
Propagation 
Delay 
3.0 
6.5 
8.5 
3.0 
9.5 
2-3 
tpHL 
CP to On (PE HIGH or LOW) 
4.0 
9.0 
11.5 
4.0 
13.0 
ns 


tpLH 
Propagation 
Delay 
5.5 
12.0 
15.5 
5.5 
17.5 
2-3 
tpHL 
CP to TC 
4.0 
8.5 
12.5 
4.0 
13.0 
ns 


tpLH 
Propagation 
Delay 
2.5 
4.5 
6.5 
2.5 
7.0 
2-3 
tpHL 
CETtoTC 
2.5 
6.0 
11.0 
2.5 
12.0 
ns 


tpLH 
Propagation 
Delay 
3.5 
8.5 
11.5 
3.5 
12.5 
2-3 
tpHL 
U/Dto 
TC 
4.0 
8.0 
12.0 
4.0 
13.0 
ns 


tpLH 
Propagation 
Delay 
2.5 
5.5 
7.0 
2.0 
8.0 
2-3 
tpHL 
CPtoCC 
2.0 
4.5 
6.0 
2.0 
7.0 
ns 


tpLH 
Propagation 
Delay 
2.5 
5.0 
6.5 
2.0 
7.5 
2-3 


tpHL 
CEP, CET to CC 
4.0 
8.5 
11.0 
4.0 
12.5 
ns 


tpHL 
Propagation 
Delay 
5.0 
10.0 
13.0 
5.0 
14.5 
2-3 
MRtoOn 
ns 


tpZH 
Output 
Enable Time 
2.5 
5.5 
8.0 
2.5 
8.5 


tpZL 
DE to On 
3.0 
6.0 
9.0 
3.0 
10.0 
ns 
2-5 
tpHZ 
Output 
Disable Time 
1.5 
5.0 
7.0 
1.5 
8.0 


tpLZ 
DE to On 
2.0 
4.5 
6.0 
2.0 
7.0 


'F569 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S 


oC 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 
Vcc = +S.OV 
No. 


Mln 
Max 
Mln 
Max 
Mln 
Max 


ts(H) 
Setup Time, HIGH or LOW 
4.0 
4.5 


ts(L) 
Pn to CP 
4.0 
4.5 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
3.0 
3.5 


th(L) 
PntoCP 
3.0 
3.5 


ts(H) 
Setup Time, HIGH or LOW 
7.0 
8.0 


ts(L) 
CEP or CET to CP 
5.0 
6.5 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
0 
0 


th(L) 
CEP or CET to CP 
0.5 
0.5 


ts(H) 
Setup Time, HIGH or LOW 
8.0 
9.0 


ts(L) 
PEtoCP 
8.0 
,. 
9.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
0.0 
1.0 


th(L) 
PEtoCP 
0 
0 


ts(H) 
Setup Time, HIGH or LOW 
11.0 
12.5 
2-6 
ts(L) 
U/DtoCP 
7.0 
8.5 
ns 


th(H) 
Hold Time, HIGH or LOW 
0 
0 
2-6 
th(L) 
U/DtoCP 
0 
0 
ns 


ts(H) 
Setup Time, HIGH or LOW 
10.5 
11.0 


ts(L) 
SR toCP 
8.5 
9.5 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
0 
0 


th(L) 
SRtoCP 
0 
0 


tw(H) 
CP Pulse Width, 
4.0 
4.5 
2-4 
tw(L) 
HIGH or LOW 
7.0 
8.0 
ns 


tw(L) 
MR Pulse Width, LOW 
4.5 
6.0 
ns 
2-4 


tree 
MR Recovery 
Time 
6.0 
8.0 
ns 
2-6 


~National 
~ 
semiconductor 


54F/74F573 
Octal D-Type Latch with TRI-STATE® Outputs 


General Description 


The 'F573 
is a high speed octal latch with buffered 
common 
Latch 
Enable 
(LE) 
and 
buffered 
common 
Output 
Enable 
(DE) inputs. 


This 
device 
is functionally 
identical 
to the 
'F373 
but 
has 
different 
pinouts. 


Features 


• 
Inputs 
and outputs 
on opposite 
sides of package 
allowing 
easy interface 
with microprocessors 


• 
Useful 
as input or output 
port for microprocessors 


• 
Functionally 
identical 
to 'F373 


• 
TAl-STATE 
outputs 
for bus interfacing 


• 
Guaranteed 
4000V 
minimum 
ESO protection 


Ordering Code: 
See Section 
5 


Logic Symbol 


Pin Assignment 
for 
DIP, SOIC and Flatpak 
Pin Assignment 
for 
LCC 


DE 
1 
Vcc 


Do 
2 
°0 


D, 
3 
0, 


D2 
4 
°2 


D3 
5 
°3 


TL/F/9566-1 
D. 
6 
0. 


D5 
7 
°5 
IEEEIIEC 
D6 
8 
°6 


DE 
~ 
9 
°7 


LE 
GND 
10 
LE 


Do 
1D 
V 
°0 
TL/F/9566-2 


D, 
0, 


D2 
°2 


D3 
°3 


D. 
0. 


D5 
°5 


D6 
°6 
~ 
°7 


TLIF/9566-4 


D6 Os D. ~ 
Dz 
rnlIlrnrnrn 


~m 
GND [Q] 


LE [j] 
°71ll1 
°61n1 


mD, 
mDo 
[IJDE 


~VCC 
llIDoo 


1HI~1rn1!Zl[ID 


05 0. 
~ 
02 0, 


54F174F 


Pin Names 
Description 
U.L. 
Input 
IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


00-07 
Data Inputs 
1.011.0 
20 ",AI-0.6 
mA 
LE 
Latch Enable Input (Active 
HIGH) 
1.011.0 
20 ",AI-0.6 
mA 
OE 
TAl-STATE 
Output 
Enable 
Input 


(Active 
LOW) 
1.0/1.0 
20 ",AI- 0.6 mA 
°0-°7 
TAl-STATE 
Latch Outputs 
150/40(33.3) 
-3 mAl24 mA (20 mAl 


Functional Description 


The 'F573 
contains 
eight Ootype latches 
with 3-state 
output 
buffers. 
When the Latch Enable 
(LE) input is HIGH, data on 
the On inputs 
enters 
the latches. 
In this condition 
the latch- 


es are transparent, 
Le., a latch output will change 
state each 
time its 0 input changes. 
When LE is LOW the latches 
store 
the 
information 
that 
was 
present 
on the 
0 inputs 
a setup 
time 
preceding 
the 
HIGH-to-LOW 
transition 
of LE. The 3- 
state buffers 
are controlled 
by the Output 
Enable 
(OE) input. 


When 
OE 
is LOW, 
the 
buffers 
are 
in the 
bi-state 
mode. 
When 
OE is HIGH 
the 
buffers 
are in the 
high impedance 
mode 
but this does 
not interfer 
with entering 
new data into 
the latches. 


Inputs 
Outputs 


OE 
LE 
D 
0 


L 
H 
H 
H 


L 
H 
L 
L 


L 
L 
X 
00 
H 
X 
X 
Z 


H ~ 
HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = Immaterial 
00 = Value stored from previous clock cycle 


00 
01 
02 
03 
0. 
05 
06 
07 


TL/F/9566-5 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+ 4.5V to + 5.5V 


Vee Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vee = OV) 
Standard 
Output 
-0.5VtoVee 


TRI-STATE 
Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 


in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


Veo 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vee 
2.5 
10H = -1 
mA 
Voltage 
54F 10% Vee 
2.4 
10H = -3mA 
74F 10% Vee 
2.5 
V 
Min 
10H = -1 
mA 
74F 10% Vee 
2.4 
10H = -3mA 
74F5% 
Vee 
2.7 
10H = -1 
mA 
74F 5% Vee 
2.7 
10H = -3mA 


VOL 
Output 
LOW 
54F 10% Vee 
0.5 
V 
Min 
10L = 20 mA 
Voltage 
74F 10% Vee 
0.5 
10L = 24 mA 


IIH 
Input HIGH 
54F 
20.0 
/LA 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
/LA 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


leEX 
Output 
HIGH 
54F 
250 
/LA 
Max 
VOUT = Vee 


Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9 /LA 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
/LA 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10lH 
Output 
Leakage 
Current 
50 
/LA 
Max 
VOUT = 2.7V 


lOlL 
Output 
Leakage 
Current 
-50 
/LA 
Max 
VOUT = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


III 
Bus Drainage 
Test 
500 
/LA 
O.OV 
VOUT = 5.25V 


leeL 
Power Supply Current 
35 
55 
mA 
Max 
Vo = LOW 


leel 
Power Supply Current 
35 
55 
mA 
Max 
Vo = HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S"C 
TA. VCC = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SO pF 
Units 
No. 
CL = SOpF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
3.0 
5.3 
7.0 
3.0 
9.0 
3.0 
8.0 
2-3 
ns 
tpHL 
Dn to On 
2.0 
3.7 
6.0 
2.0 
7.0 
2.0 
6.5 


tpLH 
Propagation 
Delay 
5.0 
9.0 
11.0 
5.0 
13.5 
5.0 
12.0 
2-3 
ns 
tpHL 
LEtoOn 
3.0 
5.2 
7.0 
3.0 
7.5 
3.0 
7.0 


tpZH 
Output 
Enable Time 
2.0 
5.0 
8.0 
2.0 
10.0 
2.0 
9.0 


tpZL 
2.0 
5.6 
8.5 
2.0 
10.0 
2.0 
9.5 
2-5 
ns 


tpHZ 
Output 
Disable Time 
1.5 
4.5 
5.5 
1.5 
7.0 
1.5 
6.5 


tPLZ 
1.5 
3.8 
5.5 
1.5 
5.5 
1.5 
5.5 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S"C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Min 
Max 
Min 
Max 
Min 
Max 


t5(H) 
Setup Time, HIGH or LOW 
2.0 
2.0 
2.0 
t5(L) 
Dn to LE 
2.0 
2.0 
2.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
3.0 
3.0 
3.0 


th(L) 
Dn to LE 
3.5 
4.0 
3.5 


tw(H) 
LE Pulse Width, 
HIGH 
4.0 
4.0 
4.0 
ns 
2-4 


~National 
~ 
semiconductor 


54F/74F574 
Octal O-Type Flip-Flop with TRI-STATE® Outputs 


General Description 


The 'F574 
is a high-speed, 
low power 
octal 
flip-flop 
with a 
buffered 
common 
Clock 
(CP) and a buffered 
common 
Out- 
put Enable (CE). The information 
presented 
to the 0 inputs 


is stored 
in the flip-flops 
on the 
LOW-to-HIGH 
Clock 
(CP) 
transition. 


This device 
is functionally 
identical 
to the 'F374 
except 
for 
the pinouts. 


Features 


• 
Inputs and outputs 
on opposite 
sides of package 
allowing 
easy interface 
with microprocessors 


• 
Useful 
as input or output 
port for microprocessors 


• 
Functionally 
identical 
to 'F374 


• 
TRI-STATE 
outputs 
for bus-oriented 
applications 


Ordering Code: See Section 
5 


Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 
Pin Assignment 
forLCC 


OE 
Ycc 


Do 
°0 
01 
°1 
O2 
°2 
03 
°3 
TLiF/9567-1 
04 
°4 


IEEE/IEC 
05 
°5 


OE 
06 
°6 


CP 
Iry 
°7 
GNO 
CP 


DO 
°0 
01 
°1 
TL/F/9567-2 


O2 
°2 
03 
°3 
04 
°4 
05 
°5 
06 
°6 


Iry 
°7 


TL/F/9567-4 


06 Os 04 ~ 
~ 
[!)[IJ I!l[II rn 


Iry rn 
mOt 
GNO~ 
moo 
CP [j] 
[I] OE 
071il1 
ImYcc 
06 1m 
IIID00 


•...L~~~~~V 
~ 


1HJ~1j]J1i1J1!ID 


°5°4°3 
02 01 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/lIL 
HIGH/LOW 
Output 
IOH/lOL 


00-07 
Data Inputs 
1.0/1.0 
20 !-LA/- 
0.6 mA 
CP 
Clock Pulse Input (Active 
LOW) 
1.0/1.0 
20 !-LA/-0.6 
mA 
OE 
TRI-STATE 
Output Enable 
Input (Active 
LOW) 
1.0/1.0 
20 !-LA/-0.6 
mA 
00-07 
TRI-STATE 
Outputs 
150/40 
(33.3) 
-3 
mA/24 
mA (20 mAl 
• 


Functional Description 


The 'F574 
consists 
of eight edge-triggered 
flip-flops 
with in- 
dividual 
D-type 
inputs 
and 
TRI-STATE 
true 
outputs. 
The 
buffered 
clock 
and buffered 
Output 
Enable 
are common 
to 
all flip-flops. 
The eight flip-flops 
will store the state 
of their 
individual 
D inputs 
that 
meet the setup 
and hold times 
re- 


quirements 
on the LOW-to-HIGH 
Clock (CP) transition. 
With 
the Output 
Enable 
(OE) LOW, the contents 
of the eight flip- 
flops 
are available 
at the outputs. 
When 
OE is HIGH, 
the 
outputs 
go to the 
high impedance 
state. 
Operation 
of the 
OE input does not affect 
the state of the flip-flops. 


Inputs 
Internal 
Outputs 
Function 
OE 
CP 
0 
Q 
0 


H 
H 
L 
NC 
Z 
Hold 


H 
H 
H 
NC 
Z 
Hold 


H 
.../ 
L 
L 
Z 
Load 


H 
.../ 
H 
H 
Z 
Load 


L 
.../ 
L 
L 
L 
Data Available 


L 
.../ 
H 
H 
H 
Data Available 


L 
H 
L 
NC 
NC 
No Change 
in Data 


L 
H 
H 
NC 
NC 
No Change 
in Data 


H ~ 
HIGH Voltage Level 
L ~ LOW Voltage Level 
X = Immaterial 
Z ~ 
High Impedance 


....r = LOW·to-HIGH Transition 
NC ~ 
No Change 


TLiF/9567-5 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
If Military/Aerospace specified devices are required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors for availability and specifications. 


Storage 
Temperature 
- 65'C to + 150'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 


Vee Pin Potential 
to 
Ground 
Pin 


Recommended 
Operating 
Conditions 


Free Air Ambient 
Temperature 
Military 
Commercial 


-55'C 
to + 125'C 
O'Cto 
+70'C 


Supply Voltage 
Military 
Commercial 


+ 4.5V to + 5.5V 
+ 4.5V to + 5.5V 


Input Voltage 
(Note 2) 


Input Current 
(Note 2) 


Voltage 
Applied 
to Output 


in HIGH State 
(with Vee 
= OV) 
Standard 
Output 
TRI-STATE 
Output 


Current 
Applied 
to Output 


in LOW State (Max) 


-0.5V 
to + 7.0V 


-0.5V 
to + 7.0V 


-30 
mA to +5.0 
mA 


-0.5VtoVee 


-0.5Vto 
+5.5V 


Note 1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not implied. 


Note 
2: Either voltage limit or current limit is sufficient to protect inputs. 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VeD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vee 
2.5 
10H = -1 
mA 


Voltage 
54F 10% Vee 
2.4 
10H = -3mA 


74F 10% Vee 
2.5 
V 
Min 
10H = -1 
mA 


74F 10% Vee 
2.4 
10H = -3 
mA 


74F5% 
Vee 
2.7 
10H = -1 
mA 


74F5% 
Vee 
2.7 
10H = -3mA 


VOL 
Output 
LOW 
54F 10% Vee 
0.5 
V 
Min 
10L = 20 mA 
Voltage 
74F 10% Vee 
0.5 
10L = 24 mA 


IIH 
Input HIGH 
54F 
20.0 
/LA 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


lavi 
Input HIGH Current 
54F 
100 
/LA 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


leEX 
Output 
HIGH 
54F 
250 
/LA 
Max 
Your 
= Vee 
Leakage 
Current 
74F 
50 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.9/LA 
Test 
All Other Pins Grounded 


laD 
Output 
Leakage 
74F 
3.75 
/LA 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10lH 
Output 
Leakage 
Current 
50 
/LA 
Max 
Your 
= 2.7V 


lOlL 
Output 
Leakage 
Current 
-50 
/LA 
Max 
Your 
= 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
Your 
= OV 


Izz 
Bus Drainage 
Test 
500 
/LA 
O.OV 
Your 
= 5.25V 


leel 
Power Supply Current 
55 
86 
mA 
Max 
Va = HIGHZ 
• 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
54F 
74F 


TA = +25'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
Cl = 50pF 
Cl = 50pF 
Units 
No. 
Cl = 50pF 


Mln 
Typ 
Max 
Min 
Max 
Mln 
Max 


fmax 
Maximum 
Clock Frequency 
100 
60 
70 
MHz 
2-1 


tPlH 
Propagation 
Delay 
2.5 
5.3 
8.5 
2.5 
9.5 
2.5 
8.5 
2-3 
ns 
tpHl 
CPtoOn 
2.5 
5.3 
8.5 
2.5 
9.5 
2.5 
8.5 


tPZH 
Output 
Enable Time 
3.0 
5.5 
9.0 
2.5 
10.5 
2.5 
10.0 


tpZl 
3.0 
6.0 
9.0 
2.5 
10.5 
2.5 
10.0 
2-5 
ns 


tpHZ 
Output 
Disable Time 
1.5 
3.3 
5.5 
1.5 
7.0 
1.5 
6.5 


tpLZ 
1.5 
2.8 
5.5 
1.5 
7.0 
1.5 
6.5 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
54F 
74F 


Symbol 
Parameter 
TA = +25'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +5.0V 
No. 


Mln 
Max 
Mln 
Max 
Min 
Max 


ts(H) 
Set-up Time, HIGH or LOW 
2.5 
3.0 
2.5 


ts(L) 
Dn toCP 
2.0 
2.5 
2.0 
2-6 
ns 
th(H) 
Hold Time, HIGH or LOW 
2.0 
2.0 
2.0 


th(L) 
Dn to CP 
2.0 
2.0 
2.0 


tw(H) 
CP Pulse Width 
5.0 
5.0 
5.0 


tw(L) 
HIGH or LOW 
5.0 
5.0 
5.0 
ns 
2-4 
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54F/74F579 
8-Bit Bidirectional Binary Counter 
with TRI-STATE® Outputs 


General Description 


The 'F579 
is a fully synchronous 
a-stage 
up/down 
counter 
with multiplexed 
TRI-STATE 
I/O 
ports for bus-oriented 
ap- 
plications. 
It features 
a preset 
capability 
for programmable 
operation, 
carry 
lookahead 
for easy 
cascading 
and a U/O 
input to control 
the direction 
of counting. 
All state changes, 


whether 
in counting 
or parallel 
loading, 
are initiated 
by the 
rising edge of the clock. 


Features 


• 
Multiplexed 
TRI-STATE 
I/O 
ports 


• 
Built-in 
lookahead 
carry capability 


• 
Count 
frequency 
100 MHz typ 


• 
Supply 
current 
75 mA typ 


IEEE/IEC 


50 


B 


.2 (LOAD) 


PE 


OE 


EN' 


U/D 


err 
ill 
TL/F/9568-1 
Cl' 


iiii 


(1) k~:::~'v 
I/O, 


(2) 
I/O, 


(4) 
1/°2 


(8) 
1/°3 


(18) 
1/°4 


(J2) 
I/Os 


(84) 
I/0, 


(128) 
I/O, 


J,5,6.ICT=256 
Tc 
J,5,6,lcr=O 


TUF/9568-4 


Pin Assignment 
for DIP, SOIC and Flatpak 


Cl' 
1 
20 
iiii 


1/°0 , 
" 


50 


1/°1 , 
18 
IV 


1/°2 
4 
17 
err 


1/03 , 
18 
Va; 


GND • 
15 
Tc 


I/O, 
7 
14 
U/D 


I/O, 
8 
1J 
PE 


I/0, , 
12 
B 


I/o, 
10 
11 
OE 


TLiF/9568-2 


Pin Assignment 
for LCC 


I/o, 1/0,1/00'" 
iiR 
00 rr][!Jmm 
1/0,ooOrn5O 
GND If§] 
rn IV 


I/o, [j] 
ffiCft 


1/0,IllI 
@va; 
1/0,IHI 
I!IDTc 


~1!]I(j§]1i1J1i]J 
vo,iiEBPEu;O 


• 
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54F/74F582 
4-Bit BCD Arithmetic Logic Unit 


General Description 


The 
'F582 
is a 24-pin 
expandable 
Arithmetic 
Logic 
Unit 
(ALU) that performs 
two arithmetic 
operations 
(A plus B, A 
minus B), compare 
(A equals 
B), and binary to BCD conver- 
sion. In addition 
to a ripple carry output, 
carry Propagate 
(P) 
and 
Generate 
(G) outputs 
are 
provided 
for 
use 
with 
the 


'F182 
carry 
lookahead 
generator 
for high-speed 
expansion 
to higher decades. 
It is functionally 
equivalent 
to the 82S82. 


Features 


• 
Performs 
four BCD functions 


• 
j5 and G outputs 
for high-speed 
expansion 


• 
Add/subtract 
delay 22 ns max 


• 
Lookahead 
delay 
15.5 ns max 


• 
Supply 
current 
80 mA max 


• 
24-Lead 
300 mil slim package 


Pin Assignment 
Pin Assignment 
for DIP, SOIC and Flatpak 
for LCC 


NCCti"..P 
NC G cftln A, 
B2 
1 
2. 
Vcc 
WllimmmmlIlm 
"i./s 
"i./s 
2 
23 
NC 


B, 
3 
22 
B, 
A=B[gJ 
mB, 
c/e, 
A, • 
21 
A2 
NC!!] 
(IJ "i./s 
c/e 
5 
20 
A, 
GNO~ 
mB2 
G 
6 
19 
Ao 
NC@] 
[j]NC 


Tl/F/9569-1 
P 
7 
18 
Bo 
F,ij]] 
~vcc 
c/e•••• 
8 
17 
FO 
F.[j] 
ImNC 
IEEE/IEC 
NC 
9 
16 
F, 
NCij]] 
IWB, 


A=B 
10 
15 
NC 


NC 
11 
I. 
F, 
1!!l@)1EI1m~1EI~ 
"i./s 
EN 
c/e•••• 
GND 
12 
13 
F2 
F2 
Fo 
80 
Ne 
Ao 
A,1 .42 


A=B 
TL/F/9569-3 
cis 
G 
TLIF/9569-2 


P 


Ao 
Po 
FO 
Bo 
°0 


A, 
P, 
F, 
B, 
0, 


A2 
P2 
F2 
B2 
°2 


A, 
P, 
F, 
B, 
0, 


TLIF/9569-5 


54F/74F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


Ao-A3 
A Operand 
Inputs 
1.0/2.0 
20 ).tAl-1.2 mA 


Bo 
B Operand 
Input 
1.011.0 
20 ).tAl-O.G 
mA 


B1 
B Operand 
Input 
1.0/5.0 
20 ).tAl-3 mA 


B2 
B Operand 
Input 
1.013.0 
20 ).tAl -1 .8 mA 


B3 
B Operand 
Input 
1.0/2.0 
20 ).tAl-1.2 mA 


Fo-F3 
Functional 
Outputs 
50/33.3 
-1 
mAl20mA 


A=B 
Comparator 
Output 
OC'/33.3 
'/20 
mA 
p 
Carry Propagate 
Output 
50/33.3 
-1 
mAl20mA 
G 
Carry Generate 
Output 
50/33.3 
-1 
mAl20mA 


CIS 
Carry/Borrow 
Input 
1.0/1.0 
20 ).tAl-O.G 
mA 


C/Sn+4 
Carry/Borrow 
Output 
50/33.3 
-1 
mAl20mA 


A/S 
Add/Subtract 
1.013.0 
20 ).tAl-1.8 mA 


·OC-Open 
Collector 
Functional Description 


The 
'F582 
Binary 
Coded 
Decimal 
(BCD) 
Arithmetic 
Logic 
Unit (ALU) 
is a 24-pin 
expandable 
unit that 
performs 
addi- 
tion, subtraction, 
comparison 
of two numbers, 
and binary to 
BCD conversion. 


The 'F582's 
input and output 
logic includes 
a Carry/Borrow 
which 
is generated 
internally 
in the lookahead 
mode, allow- 


ing BCD arithmetic 
to be computed 
directly. 
For more than 
one 
BCD 
decade, 
the 
Carry/Borrow 
term 
may 
ripple 
be- 
tween 
'F582s. 


When 
A/S 
is LOW, 
BCD addition 
is performed 
(A + B + 


CIS 
= 
F). If the sum is greater 
than 9, binary to BCD con- 
version 
results 
at the output. 


When 
A/S 
is HIGH, subtraction 
is performed. 
If the CIS 
is 
LOW, 
then 
the 
subtraction 
is accomplished 
by internally 


computing 
the 9s complement 
addition 
of two BCD numbers 
(A - B -1 
= 
F). When 
C/S 
is HIGH, 
the difference 
of the 
two numbers 
is figured 
as A-B 
= 
F. For A greater 
than or 
equal to B, the BCD difference 
appears 
at the output 
F in its 
true form. If A is less than Band 
CIS 
is HIGH, the difference 
appears 
at the output 
as the 
10s complement 
of the true 
form. 
If A is less than 
Band 
CIS 
is LOW, the 9s comple- 
ment of the true form appears 
at the output 
F. As long as A 
is less than B, and Active 
LOW borrow 
is also generated. 


The 'F582 
also performs 
binary to BCD conversion. 
For in- 
puts between 
10 and 15, binary to BCD conversion 
occurs 
by grounding 
the B inputs and applying 
the binary number 
to 
the other set of inputs. This will generate 
a carry term to the 
next decade. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with VCC = 
OV) 
Standard 
Output 
-0.5VtoVcc 


TRI-STATE~ 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 'OL (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = 
-18 
mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = 
-1 
mA (Fn. p. G, C/Bn 
+4) 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = 
-1 
mA (Fn. 15, G, C/Sn 
+4) 


74F 5% Vcc 
2.7 
10H = 
-1 
mA (Fn, 15, G, C/Sn 
+4) 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
JJ.A 
Max 
VIN = 2.7V 


Current 
74F 
r 
5.0 


IBVI 
Input HIGH Current 
54F 


c_ 


100 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 
JJ.A 
Max 


ICEX 
Output 
HIGH 
54F 
250 
JJ.A 
Max 
VOUT = Vcc 
Leakage 
Current 
74F 
. 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 
1.9 JJ.A 


Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
JJ.A 
0.0 
VIOO = 
150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
VIN = 0.5V (Bo, C/B) 
-1.2 
mA 
Max 
VIN = 0.5V (An, B3) 


-1.8 
VIN = 0.5V (A/S, 
B2) 


-3.0 
VIN = 0.5V (B1) 


10S 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV (Fn. 15, G, C/Sn 
+ 4) 


10HC 
Open Collector. 
Output 
250 
JJ.A 
Min 
VOUT = Vcc(A=B) 
OFF Leakage 
Test 


Ice 
Power Supply Current 
50 
80 
mA 
Max 
Vo = LOW 


AC Operating Requirements: 
See Section 
2 for Waveforms 
.' 


74F 
54F 
74F 


Symbol 
Parameter 
TA = 
+25'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc 
= 
+5.0V 
No. 


Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
2.5 
29.0 
2.5 
31.0 
2-3 
tpHL 
An or Bn to Fn 
2.5 
22.0 
2.5 
23.0 
ns 


tpLH 
Propagation 
Delay 
4.0 
21.5 
4.0 
24.0 


tpHL 
An or Bn to C/Sn+4 
4.0 
16.0 
4.0 
17.5 
ns 
2-3 


- 


tpLH 
Propagation 
Delay 
3.5 
8.5 
3.0 
9.5 


tpHL 
C/Sn 
to C/Sn + 4 
2.0 
6.5 
2.0 
7.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
8.0 
35.0 
7.5 
28.5 


tpHL 
AnorBntoA= 
B 
6.0 
25.0 
5.5 
24.5 
ns 
2-3 


tpLH 
Propagation 
Delay 
4.0 
18.0 
4.0 
19.0 


tpHL 
An or Bn to G or j5 
3.5 
15.5 
3.5 
16.5 
ns 
2-3 


tpLH 
Propagation 
Delay 
2.5 
33.0 
2.5 
34.0 


tPHL 
'A/S to Fn 
7.0 
18.0 
6.5 
19.5 
ns 
2-3 


tpLH 
Propagation 
Delay 
4.0 
21.0 
3.5 
23.0 


tpHL 
CIS to Fn 
2.5 
14.0 
2.5 
15.5 
ns 
2-3 
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54F/74F583 
4-Bit BCD Adder 


General Description 


The 'F583 
high-speed 
4-bit, 8CD full adder with internal 
car- 
ry lookahead 
accepts 
two 
4-bit 
decimal 
numbers 
(Ao-A3' 


80-83) 
and a Carry Input (Cn). It generates 
the decimal 
sum 
outputs 
(So-53), 
and a Carry Output 
(Cn+4) 
if the sum is 
greater 
than 9. The 'F583 
is the functional 
equivalent 
of the 
82583. 


Features 


• 
Adds 
two decimal 
numbers 


• 
Full internal 
lookahead 


• 
Fast ripple carry for economical 
expansion 


• 
Sum output 
delay time 
16.5 ns max 


• 
Ripple 
carry delay time 8.5 ns max 


• 
Input to ripple delay time 
14.0 ns max 


• 
Supply 
current 
60 mA max 


• 
Available 
in SOIC, (300 mil only) 


Pin Assignment 
for 
DIP, SOIC and Flatpak 


Bl 
1 
16 
Vcr:. 


B2 
2 
15 
A2 


en." 
B3 
3 
14 
Al 


A3 
4 
13 
At> 


Cn 
5 
12 
Bo 


Tl/F/9570-1 
Cn•.• 
6 
11 
50 


IEEE/IEC 
52 
7 
10 
51 


GND 
8 
9 
53 
} 


2:(BCD) 


TLIF/9570-2 
{ 


50 


51 
} 


53 


52 


CI 
CO 
en." 


TL/F/9570-4 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


Ao-A3 
A Operand 
Inputs 
1.012.0 
20 /LA/-1.2 
mA 


80-83 
8 Operand 
Inputs 
1.0/2.0 
20 /LA/-1.2 
mA 
Cn 
Carry Input 
1.0/1.0 
20 /LA/ - 0.6 mA 


So-S3 
Sum Outputs 
50/33.3 
-1 
mA/20mA 


Cn+4 
Carry Output 
50/33.3 
-1 
mA/20mA 


Pin Assignment 
for LCC 


Cn+4 Co NC A3 B3 
I!llIl(]][I)0 


52 rn 
GND [QJ 


NC IJ] 


531!l1 
51!!] 


1llJ1rn1rn1IZJ1IID 


So So NC Ao AI 


mB2 
mBl 
EIJ NC 
~vcr:. 


IIIDA2 


Functional Description 


The 'F583 
4-bit binary coded 
(BCD) full adder 
performs 
the 
addition 
of two decimal 
numbers 
(Ao-A3' 
Bo-B3). 
The look- 
ahead 
generates 
the 
BCD carry 
terms 
internally, 
allowing 
the 'F583 
to then do BCD addition 
correctly. 
For BCD num- 
bers 0 through 
9 at A and B inputs, 
the BCD sum forms 
at 
the output. 
In the addition 
of two 
BCD numbers 
totalling 
a 
number 
greater 
than 9, a valid BCD number 
and a carry will 
result. 


For input values larger than 9, the number 
is converted 
from 
binary to BCD. Binary to BCD conversion 
occurs 
by ground- 
ing one set of inputs, An or Bn, and applying 
any 4-bit binary 
number 
to the other 
set of inputs. 
If the input is between 
0 
and 
9, a BCD 
number 
occurs 
at the 
output. 
If the 
binary 
input 
falls 
between 
10 and 
15, a carry 
term 
is generated. 


Both the carry term and the sum are the BCD equivalent 
of 
the binary input. Converting 
binary numbers 
greater 
than 
16 
may be achieved 
through 
cascading 
'F583s. 


TLIF/9570-5 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 
Ambient 
Temperature 
under Bias 
-55'C 
to + 125'C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+ 4.5V to + 5.5V 


Vee Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vee = OV) 
Standard 
Output 
-0.5VtoVee 


TRI-STATE'!> 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 


in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these conditions 
is not implied. 


Note 
2: Either 
voltage 
limit 
or current 
limit 
is sufficient 
to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VeD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vee 
2.5 
10H = -1 
mA 
Voltage 
74F 10% Vee 
2.5 
V 
Min 
10H = -1 
mA 


74F 5% Vee 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 
Voltage 
74F 10% Vce 
0.5 
10L = 20 mA 


IIH 
Input HIGH Current 
20 
JJ-A 
Max 
VIN = 2.7V 


leVI 
Input HIGH Current 
100 
JJ-A 
Max 
VIN = 7.0V 
Breakdown 
Test 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 
(Cn) 


-1.2 
VIN = 0.5V 
(An. Bn) 


10S 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


leEX 
Output 
HIGH Leakage 
Current 
250 
JJ-A 
Max 
VOUT = Vec 


'eeL 
Power Supply Current 
40 
60 
mA 
Max 
Vo = LOW 


AC Electrical Characteristics: 
See Section 2 for Waveforms 
and Load Cor-figurations 


74F 
S4F 
74F 


TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Units 


CL = SO pF 
CL = SOpF 
CL = SOpF 
No. 


Mln 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
2.5 
13.0 
16.S 
2.5 
20.5 
2.5 
17.5 
2-3 
tpHL 
An or Sn to Sn 
2.5 
11.0 
14.0 
2.5 
19.0 
2.5 
15.0 
ns 


tpLH 
Propagation 
Delay 
2.5 
6.5 
8.5 
2.5 
10.5 
2.5 
9.5 
2-3 
tpHL 
Cn to Cn+4 
2.5 
5.0 
6.5 
2.5 
8.5 
2.5 
7.5 
ns 


tpLH 
Propagation 
Delay 
4.0 
11.0 
14.0 
4.0 
19.5 
4.0 
15.0 
2-3 
tpHL 
An or Sn to Cn+4 
4.0 
8.0 
10.5 
4.0 
13.5 
4.0 
11.5 
ns 
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~National 
~ 
semiconductor 


54F/74F588 
Octal Bidirectional Transceiver with TRI-STATE® 
Inputs/Outputs 
and IEEE-488 Termination Resistors 


Pin Assignment 
Pin Assignment 
for DIP, SOIC and Flatpak 
forLCC 


A7~~A4A3 
Ao 
1 
20 
Vcc 
rnl1Joornm 


DE 
Al 
2 
19 
Bo 


T/R 
A2 
3 
18 
B1 
OErn 
mA2 


A3 
4 
17 
B2 
GND IlQ] 
mAl 


A4 
5 
16 
B3 
T/RI]] 
III Ao 


A5 
6 
15 
B4 
B7 1m 
~Vcc 


TLIF/9571-2 
B6 II] 
[IDBo 
A6 
7 
14 
B5 


IEEEflEC 
A7 
8 
13 
B6 
1GI§[IDIl1lIIID 
OE 
9 
12 
B7 
B5 B4 B3 ~ 
B1 


GND 
10 
11 
T/R 
TL/F/9571-4 


TL/F/9571-3 


General Description 


The 'F588 
contains 
eight non-inverting 
bidirectional 
buffers 
with 
TRI-STATE 
outputs 
and 
is intended 
for 
bus-oriented 
applications. 
The 
B ports 
have 
termination 
resistors 
as 
specified 
in the iEEE-488 
specifications. 
Current 
sinking 
ca- 
pability 
is 24 mA (20 mA Mil) at the 
A ports 
and 
64 mA 
(48 mA 
Mil) at the 
B ports. 
The 
Transmit/Receive 
(TfR) 
input determines 
the direction 
of data flow through 
the bidi- 
rectional 
transceiver. 
Transmit 
(active 
HIGH) 
enables 
data 
from 
A ports 
to 
B ports; 
Receive 
(active 
LOW) 
enables 


Ordering Code: 
See Section 
5 


Logic Symbols 


data from B ports to A ports. The Output 
Enable 
input, when 
HIGH, disables 
both A and B ports by placing them in a high 
impedance 
condition. 


Features 


• 
Non-inverting 
buffers 


• 
Bidirectional 
data path 


• 
B outputs 
sink 64 mA (48 mA Mil), source 
12 mA 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


54F/74F 


Pin Names 
Description 
U.L. 
Input 
IIH/IIL 


HIGH/LOW 
Output 
IOH/IOL 


OE 
Output 
Enable Input (Active 
LOW) 
1.012.0 
20 !LA/-1.2 
mA 


T/A 
Transmit/Receive 
Control 
Input 
1.0/2.0 
20 !LA/-1.2 
mA 


Ao-A7 
A Port Inputs or 
3.5/1.083 
70 !LA/-0.65 
mA 


TRI-STATE 
Outputs 
150/40 
(33.3) 
-3 
mA/24 
mA (20 mAl 


Bo-B7 
B Port Inputs or 
*T/5.33 
*T/3.2 
mA 


TRI-STATE 
Outputs 
600/106.6 
(80) 
-12 
mA/64 
mA (48 mAl 


Inputs 
Outputs 
OE 
T/R 


L 
L 
Bus B Data to Bus A 


L 
H 
Bus A Data to Bus B 


H 
X 
High Impedance 


TLIF/9571-5 


Please note that this diagram is provided only for the understanding 
of logic operations and should not be used to estimate propagation 
delays . 


• 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
-55·C 
to + 125·C 
Storage 
Temperature 
-65·C 
to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
-55·C 
to + 175·C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 
TRI-STATE 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated IOL (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA (DE. T/R) 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
IOH = -1 
mA(An) 


Voltage 
54F 10% Vcc 
2.4 
IOH = - 3 mA (An. Bn) 


54F 10% VCC 
2.0 
IOH = -12 
mA (Bn) 


74F 10% VCC 
2.5 
V 
Min 
IOH = - 1 mA (An) 


74F 10% VCC 
2.4 
IOH = -3 
mA (An. Bn) 


74F 10% VCC 
2.0 
IOH = -15 
mA (Bn) 


74F5% 
VCC 
2.7 
IOH = -1 
mA (An) 


74F5% 
VCC 
2.7 
IOH = - 3 mA (An. Bn) 


VOL 
Output 
LOW 
54F 10% VCC 
0.5 
IOL = 20 mA (An) 
Voltage 
54F 10% Vcc 
0.55 
V 
Min 
IOL = 48 mA (Bn) 


74F 10% Vcc 
0.5 
IOL = 24 mA (An) 


74F 10% VCC 
0.55 
IOL = 64 mA (Bn) 


IIH 
Input HIGH Current 
20 
!LA 
Max 
VIN = 2.7V (OE. T/R) 


IIH + 
IIH 
700 
!LA 
4.75 
VIN = 5.0V (Bn) 


IOZH 
IEEE-488 
2.5 
mA 
5.25 
VIN = 5.5V (Bnl 


IlL + 
IlL 
-1.3 
4.75 
VIN = O.4V (Bn) 


IOZL 
IEEE-488 
-3.2 
mA 
5.25 
VIN = O.4V (Bnl 


VNL 
No Load Voltage 
2.5 
V 
4.75 
IIN = OV (Bnl 
3.7 
5.25 
IIN = OV (Bn) 


levi 
Input HIGH Current 
100 
!LA 
Max 
VIN = 7.0V (OE. T/R) 
Breakdown 
Test 


levlT 
Input HIGH Current 
1.0 
mA 
Max 
VIN = 5.5V (An) 
Breakdown 
Test (1/0) 


DC Electrical Characteristics 
(Continued) 


Symbol 
Parameter 
S4Ff74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


IlL 
Input LOW Current 
-1.2 
mA 
Max 
VIN = 0.5V (OE. T fR) 


IIH + 10lH 
Output 
Leakage 
Current 
70 
/LA 
Max 
VOUT = 2.7V (An) 


IlL + lOlL 
Output 
Leakage 
Current 
-650 
/LA 
Max 
VOUT = 0.5V (An) 


10S 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV (An) 


-100 
-225 
VOUT = OV (Bn) 


ICEX 
Output 
HIGH Leakage 
Current 
250 
/LA 
Max 
VOUT = VCC (An) 


III 
Bus Drainage 
Test 
500 
/LA 
O.OV 
VOUT = 5.25V (An. Bn) 


ICCH 
Power Supply Current 
67 
100 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
90 
135 
mA 
Max 
Vo = LOW 


ICCl 
Power Supply Current 
83 
125 
mA 
Max 
Vo = HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S·C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Units 


CL = SOpF 
CL = SOpF 
CL = SOpF 
No. 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
2.5 
4.5 
6.0 
2.5 
7.0 


tpHL 
A to B orBtoA 
2.5 
5.0 
6.5 
2.5 
7.5 
ns 
2-3 


tplH 
Output 
Enable Time 
2.5 
5.0 
7.0 
2.5 
8.0 


tplL 
TfR 
orOE 
to A or B 
2.5 
7.0 
9.0 
2.5 
10.0 
ns 
2-5 
tpHl 
Output 
Disable Time 
2.5 
5.5 
7.0 
2.5 
8.0 


tpLZ 
TfR 
orOE 
to A or B 
2.5 
5.5 
7.0 
2.5 
8.0 
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54F /7 4F620 • 54F /7 4F623 
Inverting Octal Bus Transceiver with TRI-STATE® 
Outputs 


General Description 


These 
devices 
are octal bus transceivers 
designed 
for asyn- 
chronous 
two-way 
data flow between 
the A and B busses. 
Both 
busses 
are capable 
of sinking 
64 mA and have TRI- 
STATE 
outputs. 
Dual enable 
pins 
(GAB, GBA) 
allow 
data 
transmission 
from the A bus to the B bus or from the B bus 
to the A bus. The 'F620 
is an inverting 
option 
of the 'F623. 


Features 


• 
Designed 
for asynchronous 
two-way 
data 
flow 
between 
busses 


• 
Outputs 
sink 64 mA 
• 
Dual enable 
inputs 
control 
direction 
of data flow 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


• 
'F620 
is an inverting 
option 
of the 'F623 


Connection 
Diagrams 


Pin Assignment 
for 
DIP, SOIC and Flatpak 


GAB 
1 
20 
Vcc 
~ 
2 
19 
CBA 


A, 
3 
18 
Bo 


A2 
4 
17 
B, 


A3 
5 
16 
B2 


A4 
6 
15 
B3 


As 
7 
14 
B4 


A6 
8 
13 
Bs 


A7 
9 
12 
B6 


GND 
10 
11 
B7 


TLIF/9577-1 


Pin Assignment 
for LCC 


AsAsA4A3A:z 
[ID[Z][IDrnrn 


A7 ill 
mAl 


GND [QJ 
mAo 
B7 [j] 
[j] GAB 


B61i1l 
IWlVcc 


B5 [j] 
[j]]CBA 
• 
~[ID1rn1IZJ1IID 


B4 
B3 ~ 
B, 
So 


TL/F/9S77-2 


Ordering Code: 
See Section 
5 


Logic Symbol 


54F174F 


Pin Names 
Description 
U.L. 
Input IIHIIIL 
HIGH/LOW 
Output 
IOH/IOL 


GBA,GAB 
Enable Inputs 
1.0/1.0 
20 ",AI-0.6 
mA 


Ao-A7 
A Inputs or 
3.5/1.083 
70 ",AI-0.4 
mA 


TRI-STATE 
Outputs 
150/40 
(33.3) 
-3 
mAl64 
mA (48 mAl 


Bo-B7 
B Inputs or 
3.5/1.083 
70 ",AI-O.4 
mA 


TRI-STATE 
Outputs 
150/40 
(33.3) 
-3 
mAl64 
mA (48 mAl 


and GAB low), the outputs 
are in the high impedance 
state 
and 
data 
is stored 
at the A and 
B busses. 
When 
'GBA is 


Enable 
Inputs 
Operation 


GBA 
GAB 
'F620 
'F623 


L 
L 
B Data to A Bus 
B Data to A Bus 


H 
H 
A Data to B Bus 
A Data to B Bus 


H 
L 
Z 
Z 


L 
H 
B Data to A Bus, 
B Data to A Bus, 


A Data to B Bus 
A Data to B Bus 


H ~ 
HIGH Voltage Level 
L ~ LOW Voltage Level 
Z ~ 
High Impedance 


" 
TLiF/9577-4 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


TUF/9577-7 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Current 
Applied 
to Output 


please 
contact 
the 
National 
Semiconductor 
Saies 
in LOW State (Max) 
twice the rated 10l (mA) 


Office/Distributors 
for availability 
and specifications. 
ESD Last Passing Voltage 
(Min) 
4000V 


Storage 
Temperature 
- 65'C to + 150'C 
Note 
1: Absolute 
maximum 
ratings are values 
beyond 
which the device 
may 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not implied. 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Note 
2: Either Yoltage 
limit or current 
limit is sufficient 
to protect 
inputs. 


VCC Pin Potential 
to 
Ground 
Pin 
-0.5V 
to + 7.0V 
Recommended 
Operating 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 
Conditions 
Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 
Free Air Ambient 
Temperature 
Voltage 
Applied 
to Output 
Military 
- 55'C to + 125'C 
in HIGH State 
(with VCC = 
OV) 
Commercial 
O'Cto 
+70'C 
Standard 
Output 
-0.5Vto 
VCC 
Supply 
Voltage 
TRI-STATE 
Output 
-0.5Vto 
+5.5V 
Military 
+4.5Vto 
+5.5V 
Commercial 
+4.5Vto 
+5.5V 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


Vil 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = 
-18 
mA (Non I/O Pins) 


VOH 
Output 
HIGH 
54F 10% VCC 
2.0 
V 
Min 
10H = 
-12 
mA (An. Bn) 


Voltage 
74F 10% VCC 
2.0 
10H = 
-15 
mA (An. Bn) 


VOL 
Output 
LOW 
54F 10% VCC 
0.55 
V 
Min 
10l = 48 mA (An. Bn) 


Voltage 
74F 10% VCC 
0.55 
10l = 64 mA (An. Bn) 


IIH 
Input HIGH 
54F 
20.0 
I-'A 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
I-'A 
Max 
VIN = 7.0V (GBA. GAB) 
Breakdown 
Test 
74F 
7.0 


IBVIT 
Input HIGH Current 
54F 
1.0 
mA 
Max 
VIN = 5.5V (An. Bn) 
Breakdown 
(I/O) 
74F 
0.5 


ICEX 
Output HIGH 
54F 
250 
I-'A 
Max 
VOUT = VCC 
Leakage 
Current 
74F 
50 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 
1.91-'A 


Test 
All Other Pins Grounded 


10D 
Output 
Leakage 
74F 
3.75 
I-'A 
0.0 
VIOD = 
150mV 


Circuit Current 
All Other Pins Grounded 


III 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V (Non I/O Pins) 


IIH + 10lH 
Output 
Leakage 
Current 
70 
I-'A 
Max 
VOUT = 2.7V (An. Bn) 


III + lOll 
Output 
Leakage 
Current 
-650 
I-'A 
Max 
VOUT = 0.5V (An. Bn) 


10S 
Output Short-Circuit 
Current 
-100 
-225 
mA 
Max 
VOUT = OV 


III 
Bus Drainage 
Test 
500 
I-'A 
O.OV 
VOUT = 5.25V 


ICCH 
Power Supply Current 
('F620) 
82 
mA 
Max 
Vo = 
HIGH. VIN = O.2V 


ICCl 
Power Supply Current 
('F620) 
82 
mA 
Max 
Vo = 
LOW 


ICCl 
Power Supply Current 
('F620) 
95 
mA 
Max 
Vo = 
HIGHZ 


ICCH 
Power Supply Current 
('F623) 
65 
mA 
Max 
Vo = HIGH 


ICCl 
Power Supply Current 
('F623) 
82 
mA 
Max 
Vo = LOW. VIN = 0.2V 


ICCl 
Power Supply Current 
('F623) 
85 
mA 
Max 
Vo=HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2SoC 
TA. VCC = Mil 
TA. Vcc = Com 
Fig. 


Symbol 
Parameter 
Vcc = +S.OV 
Cl = SOpF 
Cl = SOpF 
Units 
No. 
Cl = SOpF 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
2.5 
7.5 
2.0 
8.0 
2-3 
tpHL 
A Input to B Output ('F620) 
2.0 
7.0 
2.0 
7.0 
ns 


tpLH 
Propagation 
Delay 
2.5 
7.5 
2.0 
8.0 
2-3 
tpHL 
B Input to A Output ('F620) 
2.0 
7.0 
2.0 
7.0 
ns 


tpLH 
Propagation 
Delay 
1.5 
6.5 
1.5 
7.5 
2-3 
tpHL 
A Input to B Output ('F623) 
2.0 
7.0 
2.0 
7.5 
ns 


tpLH 
Propagation 
Delay 
1.5 
6.5 
1.5 
7.5 
2-3 
tpHL 
B Input to A Output 
('F623) 
2.0 
7.0 
2.0 
7.5 
ns 


tpZH 
Enable Time 
2.0 
7.0 
2.0 
8.0 


tpZL 
GBA Input to A Output 
2.5 
8.0 
2.0 
8.5 
ns 
2-5 
tpHZ 
Disable Time 
1.5 
6.5 
1.5 
7.5 


tpLZ 
GBA Input to A Output 
1.0 
5.5 
1.0 
5.5 


tpZH 
Enable Time 
2.0 
7.5 
2.0 
8.5 


tpZL 
GAB Input to B Output ('F620) 
3.0 
8.0 
2.0 
8.5 
2-5 
ns 
tpHZ 
Disable Time 
2.5 
8.0 
2.0 
9.0 


tpLZ 
GAB Input to B Output ('F620) 
2.0 
7.5 
2.0 
8.0 


tpZH 
Enable Time 
2.0 
7.5 
2.0 
8.5 


tpZL 
GAB Input to B Output 
('F623) 
2.5 
8.0 
2.0 
8.5 
ns 
2-5 
tpHZ 
Disable Time 
2.0 
8.0 
2.0 
9.0 


tpLZ 
GAB Input to B Output 
('F623) 
2.0 
8.0 
2.0 
8.0 
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54F/74F632 
32-Bit Parallel Error Detection and Correction Circuit 


General Description 


The 
'F632 
device 
is a 32-bit 
parallel 
error 
detection 
and 
correction 
circuit 
(EDAC) in a 52-pin or 68-pin package. 
The 
EDAC 
uses a modified 
Hamming 
code 
to generate 
a 7-bit 


check 
word 
from 
a 32-bit 
data 
word. 
This 
check 
word 
is 
stored 
along 
with 
the 
data 
word 
during 
the 
memory 
write 
cycle. 
During the memory 
read cycle, the 39-bit words 
from 
memory 
are processed 
by the EDAC to determine 
if errors 
have occurred 
in memory. 


Single-bit 
errors in the 32-bit data word are flagged 
and cor- 


rected. 


Single-bit 
errors in the 7-bit check 
word are flagged, 
and the 
CPU 
sends 
the 
EDAC 
through 
the 
correction 
cycle 
even 
though 
the 32-bit 
data word 
is not in error. 
The correction 
cycle 
will simply 
pass along the original 
32-bit 
data word 
in 
this case 
and produce 
error 
syndrome 
bits to pinpoint 
the 
error-generating 
location. 


Dual-bit 
errors 
are flagged 
but not corrected. 
These 
errors 
may occur 
in any two bits of the 39-bit 
word from 
memory 
(two errors 
in the 32-bit 
data 
word, 
two 
errors 
in the 7-bit 


check 
word, 
or one 
error 
in each 
word). 
The 
gross-error 


condition 
of all LOWs 
or all HIGHs 
from 
memory 
will 
be 
detected. 
Otherwise, 
errors 
in three 
or more bits of the 39- 
bit word are beyond 
the capabilities 
of these 
devices 
to de- 
tect. 


Read-modify-write 
(byte-control) 
operations 
can 
be 
per- 
formed 
by using output 
latch enable, 
LEDBO, 
and the indi- 
vidual OEBo through 
OEB3 byte control 
pins. 


Diagnostics 
are performed 
on the 
EDACs 
by controls 
and 
internal 
paths that allow the user to read the contents 
of the 
Data Bit and Check 
Bit input latches. 
These will determine 
if 
the failure 
occurred 
in memory 
or in the EDAC. 


Features 


• 
Detects 
and corrects 
single-bit 
errors 


• 
Detects 
and flags 
dual-bit 
errors 


• 
Built-in 
diagnostic 
capability 


• 
Fast write 
and read cycle 
processing 
times 


• 
Byte-write 
capability 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


54F/74F 


Pin Names 
Description 
U.L. 
Input 
IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


CBo-CB6 
Check Word Bit, Input 
3.5/1.083 
70 I'-A/ -650 
I'-A 
orTRI-STATE@Output 
150/40 
(33.3) 
-3 
mA/24 
mA (20 mAl 


DBo-DB31 
Data Word Bit, Input 
3.5/1.083 
70 1'-A/-650 
I'-A 
or TRI-STATE 
Output 
150/40 
(33.3) 
-3 
mA/24 
mA (20 mAl 
OEBo-OEB3 
Output 
Enable 
Data Bits 
1.0/1.0 
20 1'-A/-0.6 
mA 
LEDBO 
Output 
Latch Enable Data Bit 
1.0/1.0 
20 1'-A/-0.6 
mA 
OECB 
Output 
Enable Check 
Bit 
1.0/1.0 
20 1'-A/-0.6 
mA 
50,51 
Select 
Pins 
1.0/1.0 
20 1'-A/-0.6 
mA 
ERR 
Single Error Flag 
50/33.3 
-1 
mA/20 
mA 


MERR 
Multiple 
Error Flag 
50/33.3 
-1 
mA/20mA 


Pin Assignment 
for LCC and PCC 
52-Pin 


!B"!B"lIIll!B"iiii,,,,,"".II'"'., 
••••iiio••• lII, 
~1i!l@1rn@@~ij]l!lJlill~[!J[!J 


DB'4~ 
0Il,,~ 
co,~ 
eB,~ 
co,§) 


DECOIi§] 


co,1llJ 
co,~ 
eB,~ 
co,ll§] 


081100] 


DB,7[g] 


OIl,.~ 


'*:J1{JI~[JI{XJlOII(JOIlDIIIIII{XIIIIJIOllllllllif, 


1BJ~~IHJIl!l~[jQJI!!II!!l@J~[§]~ 
1II"...",•••,iiii,.."..."..., •••,.."iiii, ••••.."oo" 


Pin Assignment 
for 
Side Brazed 
DIP 


LEDIlO 
, 


WERR 
2 
ERR 
3 


08, 
• 
OIl, 
, 


OIl, 
6 


OIl, 
7 


OIl, 
B 


08, 
9 


OEBo 
10 


DB6 
" 


DB7 
12 


GHD 
13 


DBa 
14 


Ollg 
15 


OEBj 
16 


0810 
17 


0811 
18 


0812 
19 


DB13 
20 


DB104 
21 


OB15 
22 
co, 
23 


CBS 
24 


ca.. 
25 


DECO 
2' 


~ [lJ08, 
• [!Joo, 
[[Joo, 
m ••• 


mERR 


m·EJlA 
IIILEDIlO 


~Vcc 
~5, 
~'o 


H!JDB31 


~0Il30 
(!!Joe29 


'2 
Vcc 


5' 
5, 


50 
5, 
•• 
OIl" 
•• 
0Il30 
.7 
08,. 
•• 
OIl,. 
45 
OIl" 


•• 
OIl" 


43 
0[83 


'2 
0Il25 
•• 
OIl" 
40 
GIlD 


39 
OIl" 
38 
DIln 


37 
0£B2 


36 
De" 
35 
0Il20 
34 
OIl" 
33 
OIl,. 
32 
OIl" 


3' 
OIl" 
30 
co, 


29 
co, 


28 
co, 


27 
co3 


Ne 1m 


Ne InI 


NCI1!J 


0015 Il2I 


Ne 
OOJ 
C061jjJ 
C051jjJ 


co'll!l 
OECBI!lI 


C031l!l 
C82(m 


CB1~ 


cooll!J 


08" @ 


DB17 f!!J 


lie I!il 
lie [§] 


Pin Assignment 
for LCC and PCC 
68-Pin 


~ ~ ~ ~ ~ I~ ~ ~ ~ ~ 8 ~ I~ 8 ~ ~ ~ 
~~~~~~~~~~~~~~@~~ 


~[§]~~~~~~~IjjJIl!lI!llIl!lIHJIl!lIl!J~ 
~ ~ § § I~ § ~ ~ ~ § ~ I~ § § ~ ~ ~ 


(!J Ne 
l]] Ne 
[lJ 002 
[§] DBt 
[[Jooo 
[!JERii 
rn 
WfRR 


m 
lEOBO 


IT] Vcc 


~ 
Vcc 
I!!1S1 
I!!Jso 


~ 
DB31 


IHJ 0830 


~ 
0829 


f!jJ lie 


[!1] Ne 


L.o'U'II'~ 
w 
•••••••"' 
•••••1 
n.,~ 
••• 
""'J-'-' 
~.. - 
_ .. __ .. 
- 
-- 
,-- 
•.•• 


CBs) are generated 
internally 
in the EDAC by seven 
16-ln- 
next two cases 
of single-bit 
errors 
give a HIGH 
on 
Mt::HH 


put parity generators 
using the 32-bit 
data word 
as defined 
and a LOW on ERR, which 
is the signal 
for a correctable 


in Table 
II. These 
seven 
check 
bits are stored 
in memory 
error, and the EDAC should 
be sent through 
the correction 


along with the original 
32-bit data word. This 32-bit word will 
cycle. 
The 
last three 
cases 
of double-bit 
errors 
will cause 


later be used in the memory 
read cycle 
for error detection 
the EDAC to signal LOWs on both ERR and MERR, which is 


and correction. 
the interrupt 
indication 
for the CPU. 


ERROR 
DETECTION 
AND 
CORRECTION 
DETAILS 
Error detection 
is accomplished 
as the 7-bit check word and 


During 
a memory 
read 
cycle, 
the 
7-bit 
check 
word 
is re- 
the 
32-bit 
data 
word 
from 
memory 
are applied 
to internal 


trieved 
along 
with 
the 
actual 
data. 
In order 
to be able 
to 
parity generatorsl 
checkers. 
If the parity of all seven 
group- 


determine 
whether 
the data from 
memory 
is acceptable 
to 
ings of data and check 
bits is correct, 
it is assumed 
that no 


use as presented 
to the bus, the error flags must be tested 
error has occurred 
and both error flags will be HIGH. 


to determine 
if they are at the HIGH level. 


TABLE 
I. Write 
Control 
Function 


Memory 
EDAC 
Control 
DB Control 
DB Output 
CB 
Error 
Flags 


Cycle 
Function 
Sl 
Data 1/0 
OEBn 
Latch 
Check 
1/0 
Control 
So 
LEDBO 
OECB 
ERR 
MERR 


Write 
Generate 
L 
L 
Output 
Input 
H 
X 
L 
H 
H 
Check Word 
Check 
Bit' 


·See Table II for details of check bit generation. 


TABLE 
II. Parity 
Algorithm 


Check 
Word 
32-Blt 
Data Word 


Bit 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


CBo 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


CB1 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


CB2 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


CB3 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


CB4 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


CBs 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


CBs 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


The seven check bits are parity bits derived from the matrix of data bits as indicated by X for each bit. 


TABLE 
III. Error 
Function 


Total 
Number 
of Errors 
Error 
Flags 


32-Bit 
Data Word 
7-Bit 
Check 
Word 
Data Correction 
ERR 
MERR 


0 
0 
H 
H 
Not Applicable 


1 
0 
L 
H 
Correction 
0 
1 
L 
H 
Correction 
1 
1 
L 
L 
Interrupt 
2 
0 
L 
L 
Interrupt 
0 
2 
L 
L 
Interrupt 


H 
HIGH Voltage Level 
L = LOW Voltage Level 


Functional Description 
(Continued) 


If the parity of one or more of the check 
groups 
is incorrect, 


an error has occurred 
and the proper 
error flag or flags will 
be set 
LOW. 
Any 
single 
error 
in the 32-bit 
data 
word 
will 


change 
the 
state 
of 
either 
three 
or five 
bits 
of the 
7-bit 


check 
word. Any single error in the 7-bit check 
word chang- 
es the state 
of only that 
one bit. In either 
case, 
the single 
error 
flag 
(ERR) 
will be set LOW 
while 
the dual error 
flag 
(MERR) 
will remain 
HIGH. 


Any 2-bit error will change 
the state 
of an even 
number 
of 
check 
bits. The 2-bit error is not correctable 
since the parity 
tree can only identify 
single-bit 
errors. 
Both error flags 
are 
set LOW when 
any 2-bit error is detected. 


Three or more simultaneous 
bit errors can cause the EDAC 
to believe 
that no error, a correctable 
error, or an uncorrect- 
able error 
has occurred 
and will produce 
erroneous 
results 
in all three 
cases. 
It should 
be noted 
that 
the 
gross-error 
conditions 
of all LOWs and all HIGHs 
will be detected. 


As the 
corrected 
word 
is made 
available 
on the data 
I/O 
port 
(DBo 
through 
DB31), 
the 
check 
word 
I/O 
port 
(CBo 
through 
CB6) 
presents 
a 7-bit 
syndrome 
error 
code. 
This 
syndrome 
error code can be used to locate the bad memory 
chip. See Table 
V for syndrome 
decoding. 


READ-MODIFY-WRITE 
(BYTE CONTROL) 
OPERATIONS 


The 
'F632 
device 
is capable 
of byte-write 
operations. 
The 
39-bit word from memory 
must first be latched 
into the Data 
Bit and Check 
Bit input latches. 
This is easily accomplished 
by switching 
from the read and flag mode (S1 = H, So = L) 
to the latch 
input mode 
(S1 = H, So = H). The EDAC will 
then 
make 
any corrections, 
if necessary, 
to the data word 
and place 
it at the input of the output 
data latch. This data 
word 
must 
then 
be 
latched 
into 
the 
output 
data 
latch 
by 
taking 
LEDBO 
from a LOW to a HIGH. 


Byte 
control 
can 
now 
be 
employed 
on 
the 
data 
word 
through 
the 
OEBo 
through 
OEB3 
controls. 
OEBo 
controls 
DBO-DB? 
(byte 
0), 
OEB1 
controls 
DB8-DB15 
(byte 
1), 
OEB2 
controls 
DB16-DB23 
(byte 
2), and 
OEB3 
controls 
DB24-DB31 
(byte 3). Placing a HIGH on the byte control 
will 
disable 
the output 
and the 
user can 
modify 
the 
byte. 
If a 
LOW is placed 
on the byte control, 
then the original 
byte is 
allowed 
to pass onto the data bus unchanged. 
If the original 
data word is altered 
through 
byte control, 
a new check word 
must 
be generated 
before 
it is written 
back 
into 
memory. 


This 
is easily 
accomplished 
by taking 
controls 
S1 and 
So 
LOW. Table 
VI lists the read-modify-write 
functions. 


DIAGNOSTIC 
OPERATIONS 


The 
'F632 
is capable 
of diagnostics 
that allow 
the user to 
determine 
whether 
the EDAC or the memory 
is failing. 
The 
diagnostic 
function 
tables will help the user to see the possi- 
bilities 
for 
diagnostic 
control. 
In 
the 
diagnostic 
mode 
(S1 = L, So = H), the check 
word 
is latched 
into the input 
latch 
while 
the data 
input 
latch 
remains 
transparent. 
This 
lets the user apply various 
data words against 
a fixed known 
check 
word. 
If the user applies 
a diagnostic 
data word with 
an error in any bit location, 
the ERR flag should 
be LOW. If a 
diagnostic 
data word 
with two 
errors 
in any bit location 
is 
applied, 
the 
MERR 
flag 
should 
be LOW. 
After 
the 
check 
word 
is latched 
into the 
input 
latch, 
it can 
be verified 
by 
taking 
OECB 
LOW. 
This 
outputs 
the 
latched 
check 
word. 


The 
diagnostic 
data 
word 
can 
be latched 
into 
the 
output 
data 
latch 
and 
verified. 
By changing 
from 
the 
diagnostic 
mode (S1 = L, So = H) to the correction 
mode (S1 = H, So 


= 
H), the 
user 
can verify 
that 
the 
EDAC 
will correct 
the 
diagnostic 
data word. 
Also, 
the syndrome 
bits can be pro- 
duced 
to verify 
that the EDAC pinpoints 
the error 
location. 


Table 
VII lists the diagnostic 
functions. 


Memory 
EDAC 
ContrOl 
DB Control 
DB Output 
CB 
Error 
Flags 


Cycle 
Function 
S1 
So 
Data I/O 
OEBn 
Latch 
Check 
I/O 
Control 
ERR 
MERR 
LEDBO 
OECB 


Read 
Read & Flag 
H 
L 
Input 
H 
X 
Input 
H 
Enabled 
(Note 1) 


Read 
Latch Input 
Latched 
Latched 


Data & Check 
H 
H 
Input 
H 
L 
Input 
H 
Enabled 
(Note 1) 


Bits 
Data 
Check Word 


Read 
Output 
Output 
Output 


Corrected 
Data 
H 
H 
Corrected 
L 
X 
Syndrome 
L 
Enabled 
(Note 1) 


& Syndrome 
Bits 
Data Word 
Bits (Note 2) 


Note 1: See Table III for error description. 


Note 2: See Table V for error location. 


• 


Syndrome 
Bits 
Error 
6 
5 
4 
3 
2 
1 
0 


L 
L 
L 
L 
L 
L 
L 
unc 
L 
L 
L 
L 
L 
L 
H 
2-Bit 
L 
L 
L 
L 
L 
H 
L 
2-Bit 
L 
L 
L 
L 
L 
H 
H 
unc 


L 
L 
L 
L 
H 
L 
L 
2-Bit 
L 
L 
L 
L 
H 
L 
H 
unc 
L 
L 
L 
L 
H 
H 
L 
unc 


L 
L 
L 
L 
H 
H 
H 
2-Bit (Note 2) 


L 
L 
L 
H 
L 
L 
L 
2-Bit 
L 
L 
L 
H 
L 
L 
H 
unc 
L 
L 
L 
H 
L 
H 
L 
DB31 
L 
L 
L 
H 
L 
H 
H 
2-Bit 


L 
L 
L 
H 
H 
L 
L 
unc 
L 
L 
L 
H 
H 
L 
H 
2-Bit 
L 
L 
L 
H 
H 
H 
L 
2-Bit 
L 
L 
L 
H 
H 
H 
H 
DB30 


L 
L 
H 
L 
L 
L 
L 
2-Bit 
L 
L 
H 
L 
L 
L 
H 
unc 
L 
L 
H 
L 
L 
H 
L 
DB29 
L 
L 
H 
L 
L 
H 
H 
2-Bit 


L 
L 
H 
L 
H 
L 
L 
DB28 
L 
L 
H 
L 
H 
L 
H 
2-Bit 
L 
L 
H 
L 
H 
H 
L 
2-Bit 


L 
L 
H 
L 
H 
H 
H 
DB27 


L 
L 
H 
H 
L 
L 
L 
DB26 
L 
L 
H 
H 
L 
L 
H 
2-Bit 
L 
L 
H 
H 
L 
H 
L 
2-Bit 
L 
L 
H 
H 
L 
H 
H 
DB25 


L 
L 
H 
H 
H 
L 
L 
2-Bit 
L 
L 
H 
H 
H 
L 
H 
DB24 
L 
L 
H 
H 
H 
H 
L 
unc 
L 
L 
H 
H 
H 
H 
H 
2-Bit 


Syndrome 
Bits 
Error 
6 
5 
4 
3 
2 
1 
0 


L 
H 
L 
L 
L 
L 
L 
2-Bit 
L 
H 
L 
L 
L 
L 
H 
unc 
L 
H 
L 
L 
L 
H 
L 
DB7 
L 
H 
L 
L 
L 
H 
H 
2-Bit 


L 
H 
L 
L 
H 
L 
L 
DB6 
L 
H 
L 
L 
H 
L 
H 
2-Bit 
L 
H 
L 
L 
H 
H 
L 
2-Bit 
L 
H 
L 
L 
H 
H 
H 
DB5 


L 
H 
L 
H 
L 
L 
L 
DB4 
L 
H 
L 
H 
L 
L 
H 
2-Bit 
L 
H 
L 
H 
L 
H 
L 
2-Bit 
L 
H 
L 
H 
L 
H 
H 
DB3 


L 
H 
L 
H 
H 
L 
L 
2-Bit 
L 
H 
L 
H 
H 
L 
H 
DB2 


L 
H 
L 
H 
H 
H 
L 
unc 
L 
H 
L 
H 
H 
H 
H 
2-Bit 


L 
H 
H 
L 
L 
L 
L 
DBo 
L 
H 
H 
L 
L 
L 
H 
2-Bit 
L 
H 
H 
L 
L 
H 
L 
2-Bit 
L 
H 
H 
L 
L 
H 
H 
unc 


L 
H 
H 
L 
H 
L 
L 
2-Bit 
L 
H 
H 
L 
H 
L 
H 
DB1 
L 
H 
H 
L 
H 
H 
L 
unc 
L 
H 
H 
L 
H 
H 
H 
2-Bit 


L 
H 
H 
H 
L 
L 
L 
2-Bit 
L 
H 
H 
H 
L 
L 
H 
unc 
L 
H 
H 
H 
L 
H 
L 
unc 
L 
H 
H 
H 
L 
H 
H 
2-Bit 


L 
H 
H 
H 
H 
L 
L 
unc 
L 
H 
H 
H 
H 
L 
H 
2-bit 
L 
H 
H 
H 
H 
H 
L 
2-bit 
L 
H 
H 
H 
H 
H 
H 
CB6 


CBx = Error in check 
bit X 


DBy = Error in data bit Y 


2-Bit 
= Double-bit 
efror 


unc = Uncorrectable 
multi-bit efror 


Note: 
2-bit and unc condition 
will cause 
both 'E'R'R and MERR 
to be LOW 
Nole 
1: Syndrome 
bits for all LOWs. MERR and ERR LOW for all LOWs, 


only ERR LOW for OSsa error. 
Note 2: Syndrome bits for all HIGHs. 


Syndrome 
Bits 
Error 
6 
5 
4 
3 
2 
1 
0 


H 
L 
L 
L 
L 
L 
L 
2-Bit 
H 
L 
L 
L 
L 
L 
H 
unc 
H 
L 
L 
L 
L 
H 
L 
unc 
H 
L 
L 
L 
L 
H 
H 
2·Bit 


H 
L 
L 
L 
H 
L 
L 
unc 
H 
L 
L 
L 
H 
L 
H 
2-Bit 
H 
L 
L 
L 
H 
H 
L 
2-Bit 
H 
L 
L 
L 
H 
H 
H 
unc 


H 
L 
L 
H 
L 
L 
L 
unc 
H 
L 
L 
H 
L 
L 
H 
2-Bit 
H 
L 
L 
H 
L 
H 
L 
2-Bit 
H 
L 
L 
H 
L 
H 
H 
OBls 


H 
L 
L 
H 
H 
L 
L 
2-Bit 
H 
L 
L 
H 
H 
L 
H 
unc 
H 
L 
L 
H 
H 
H 
L 
OB14 
H 
L 
L 
H 
H 
H 
H 
2·Bit 


H 
L 
H 
L 
L 
L 
L 
unc 
H 
L 
H 
L 
L 
L 
H 
2-Bit 
H 
L 
H 
L 
L 
H 
L 
2-Bit 
H 
L 
H 
L 
L 
H 
H 
OB13 


H 
L 
H 
L 
H 
L 
L 
2-Bit 
H 
L 
H 
L 
H 
L 
H 
OB12 
H 
L 
H 
L 
H 
H 
L 
OBll 
H 
L 
H 
L 
H 
H 
H 
2-Bit 


H 
L 
H 
H 
L 
L 
L 
2-Bit 
H 
L 
H 
H 
L 
L 
H 
OBlQ 
H 
L 
H 
H 
L 
H 
L 
OB9 
H 
L 
H 
H 
L 
H 
H 
2-Bit 


H 
L 
H 
H 
H 
L 
L 
OB8 
H 
L 
H 
H 
H 
L 
H 
2-Bit 
H 
L 
H 
H 
H 
H 
L 
2-Bit 
H 
L 
H 
H 
H 
H 
H 
CBs 


Syndrome 
Bits 
Error 
6 
5 
4 
3 
2 
1 
0 


H 
H 
L 
L 
L 
L 
L 
unc 
H 
H 
L 
L 
L 
L 
H 
2-Bit 
H 
H 
L 
L 
L 
H 
L 
2-Bit 
H 
H 
L 
L 
L 
H 
H 
OB23 


H 
H 
L 
L 
H 
L 
L 
2·Bit 
H 
H 
L 
L 
H 
L 
H 
OB22 
H 
H 
L 
L 
H 
H 
L 
OB21 
H 
H 
L 
L 
H 
H 
H 
2·Bit 


H 
H 
L 
H 
L 
L 
L 
2-Bit 
H 
H 
L 
H 
L 
L 
H 
OB20 
H 
H 
L 
H 
L 
H 
L 
OB19 
H 
H 
L 
H 
L 
H 
H 
2-Bit 


H 
H 
L 
H 
H 
L 
L 
OB18 
H 
H 
L 
H 
H 
L 
H 
2·Bit 
H 
H 
L 
H 
H 
H 
L 
2·Bit 
H 
H 
L 
H 
H 
H 
H 
CB4 


H 
H 
H 
L 
L 
L 
L 
2-Bit 
H 
H 
H 
L 
L 
L 
H 
OB16 
H 
H 
H 
L 
L 
H 
L 
unc 
H 
H 
H 
L 
L 
H 
H 
2-Bit 


H 
H 
H 
L 
H 
L 
L 
OB17 
H 
H 
H 
L 
H 
L 
H 
2-Bit 
H 
H 
H 
L 
H 
H 
L 
2-Bit 
H 
H 
H 
L 
H 
H 
H 
CB3 


H 
H 
H 
H 
L 
L 
L 
unc (Note 1) 
H 
H 
H 
H 
L 
L 
H 
2·Bit 
H 
H 
H 
H 
L 
H 
L 
2-Bit 
H 
H 
H 
H 
L 
H 
H 
CB2 


H 
H 
H 
H 
H 
L 
L 
2-Bit 
H 
H 
H 
H 
H 
L 
H 
CBl 
H 
H 
H 
H 
H 
H 
L 
CBo 
H 
H 
H 
H 
H 
H 
H 
None 


CBx = Error in check 
bit X 
DBy = Error in data bit Y 
2-Bit = Double-bit 
error 
unc = Uncorrectable 
multi-bit error 


Note: 
2-bit and unc condition will cause both ERR and ~ 
to be LOW 
Nole 
1: Syndrome 
bits tor all LOWs. MERR and ERR LOW tor all LOWs, 


only ERR LOW for OB30 error. 
Note 
2: Syndrome 
bits for all HIGHs. 


Functional Description 
(Continued) 


TABLE 
VI. Read-Modify-Write 
Function 


DB Output 
CB 
Error 
Flags 
Memory 
EDAC 
Control 
BYTEn" 
OEBn" 
Latch 
Check 
I/O 
Control 
Cycle 
Function 
S1 
So 
LEDBO 
OECB 
ERR 
MERR 


Read 
Read & Flag 
H 
L 
Input 
H 
X 
Input 
H 
Enabled 


Read 
Latch Input 
Latched 
Latched 


Data & 
H 
H 
Input 
H 
L 
Input 
H 
Enabled 


Check 
Bits 
Data 
Check Word 


Read 
Latch Corrected 
Latched 
High Z 
H 


Data Word into 
H 
H 
Output 
H 
H 
Output 
Enabled 
Output 
Latch 
Data 
Syndrome 
L 


Word 
Bits 


Modify/ 
Modify 
Input 


Write 
Appropriate 
Modified 
H 


Byte or Bytes 
L 
L 
BYTEo 
H 
Output 
L 
H 
H 
& Generate 
New 
Output 
Check Word 


Check Word 
Unchanged 
L 


BYTEo 


'OEBo controls OBo-OB7 (BYTEo);~, 
controls OB8-OB,5 (BYTE,); ~2 
controls OB,6-OB23 (BYTE2);~3 
controls OB24-OB01 (BYTE3)· 


TABLE 
VII. Diagnostic 
Function 


EDAC 
Control 
DB Byte 
DB Output 
CB 
Error 
Flags 


Function 
S1 
So 
Data I/O 
Control 
Latch 
Check 
I/O 
Control 
ERR 
MERR 
OEBn 
LEDBO 
OECB 


Read & Flag 
H 
L 
Input Correct 
H 
X 
Input Correct 
H 
H 
Data Word 
Check 
Bits 


Latch Input Check 


Word while Data 
Input 
Latched 


Input Latch 
L 
H 
Diagnostic 
H 
L 
Input 
H 
Enabled 


Remains 
Data Word" 
Check 
Bits 


Transparent 


Latch Diagnostic 
Input 
Output 


Data Word into 
Latched 
L 


Output 
Latch 
L 
H 
Diagnostic 
H 
H 
Check 
Bits 
Enabled 
Data Word" 


HighZ 
H 


Latch Diagnostic 
Latched 
Output 


Data Word into 
H 
H 
Input 
H 
H 
Syndrome 
L 
Enabled 
Input Latch 
Diagnostic 
Bits 


Data Word 
HighZ 
H 


Output 
Diagnostic 
Output 
Output 
Data Word & 
H 
H 
Diagnostic 
L 
H 
Syndrome 
L 
Enabled 
Syndrome 
Bits 
Data Word 
Bits 


HighZ 
H 


Output Corrected 
Output 
Output 


Diagnostic 
Data 
H 
H 
Corrected 
L 
L 
Syndrome 
L 
Enabled 
Word & Output 
Diagnostic 
Bits 
Syndrome 
Bits 
Data Word 
HighZ 
H 


• Diagnostic data is a data word with an error in one bit location except when testing the MEAA error flag. In this case,the diagnostic data word will contain errors in 
two bit locations. 


So 
DECODER 
3 


X/y 
1 


080- 
08, 


DBa- DB'5 
DB16- DBn 


0824 - DB31 


BIT 
IN 
ERROR 
DECODER 


ERROR 
CORRECTOR 
=1 


t 
pd=:1 
ERR 
\\\\\\\\\\\\X-------V.-fld 
... 
ER~R-rla-g------~ 


I---tP':::::1 


MERR 
\\\\\\\\\\\\\\\X~-----V-.II-d 
M"'ER~R-rla-g-----~ 


L 


\ 
Verify 
Proper 
Operation 
of ERRflag 
, 
- 
- 
- 
- 
- 
- 
- v";rify-P~-;r-o;e;;'iio: of ERR Fie;'rl;gS~uid B: C;'; - - - - - - 
\. 
s(E!8,i ~h~uld1'!.1i!9'!!'- 
} 
With 
8 
DIagnostic 
Data Word With a SIngle Error 
I,d-----I 
I----\pd------l 
------------------------------------ 
Verify Proper 
Operation 
of WERRnag, 
Flog Should 
B, Low 
With 
8. Diagnostic 
Data 
Word 
WIth 
a 
Double 
Error 


Absolute Maximum Ratings 
(Note 1) 
If Military/Aerospace specified devices are required, 
Current 
Applied 
to Output 
please 
contact 
the 
National 
Semiconductor 
Sales 
in LOW State (Max) 
twice the rated 10L (mA) 
Office/Distributors for availability and specifications. 
ESD Last Passing Voltage 
(Min) 
4000V 


Storage 
Temperature 
- 65·C to + 150·C 
Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Junction 
Temperature 
under Bias 
- 55·C to + 175·C 
Note 
2: Either voltage 
limit or current limit is sufficient to protect 
inputs. 


Vee Pin Potential 
to 
Ground 
Pin 
-0.5Vto 
+7.0V 
Recommended 
Operating 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 
Conditions 
Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 
Free Air Ambient 
Temperature 
Voltage 
Applied 
to Output 
Military 
- 55·C to + 125·C 
in HIGH State 
(with Vee = OV) 
Commercial 
O·Cto 
+70·C 
Standard 
Output 
-0.5V 
to Vee 
Supply 
Voltage 
TRI-STATE 
Output 
-0.5Vto 
+5.5V 
Military 
+ 4.5V to + 5.5V 
Commercial 
+ 4.5V to + 5.5V 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VeD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vee 
2.5 
10H = -1 
mA (ERR. MERR, 
DBn, CBn) 


Voltage 
54F 10% Vee 
2.4 
10H = -3 
mA (DBn• CBn) 


74F 10% Vee 
2.5 
V 
Min 
10H = -1 
mA (ERR, MERR, DBn, CBn) 


74F 10% Vee 
2.4 
10H = - 3 mA (DBn• CBn) 


74F5% 
Vee 
2.7 
10H = -1 
mA (ERR, MERR. DBn• CBn) 


74F 5% Vee 
2.7 
10H = -3 
mA (DBn• CBn) 


VOL 
Output 
LOW 
54F 10% Vee 
0.5 
10L = 20 mA (ERR. MERR. DBn• CBn) 


Voltage 
74F 10% Vee 
0.5 
V 
Min 
10L = 20 mA (ERR. MERR) 


74F 10% Vee 
0.5 
10L = 24 mA (DBn, CBn) 


IIH 
Input HIGH 
54F 
20.0 
fJoA 
Max 
VIN = 2.7V (So. 51. OEBn• OECB. LEDBO) 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
fJoA 
Max 
VIN = 7.0V (So. 51. OEBn• OECB. LEDBO) 
Breakdown 
Test 
74F 
7.0 


IBVIT 
Input HIGH Current 
54F 
1.0 
mA 
Max 
VIN = 5.5V (CBn, DBn) 
Breakdown 
(I/O) 
74F 
0.5 


leEX 
Output 
HIGH 
54F 
250 
fJoA 
Max 
VOUT = Vee 


Leakage 
Current 
74F 
50 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9fJoA 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
fJoA 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V (So. 51. OEBn, OECB. 
LEDBO) 


IIH + 10lH 
Output 
Leakage 
Current 
70 
fJoA 
Max 
VI/O = 2.7V (CBn• DBn) 


IlL + 
lOlL 
Output 
Leakage 
Current 
-650 
fJoA 
Max 
VI/O = 0.5V (CBn• DBn) 


10ZH 
Output 
Leakage 
Current 
70 
fJoA 
Max 
VI/O = 2.7V (CBn• DBn) 


lOlL 
Output 
Leakage 
Current 
-650 
fJoA 
Max 
VI/O = 0.5V (CBn• DBn) 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


III 
Bus Drainage 
Test 
500 
fJoA 
O.OV 
VOUT = 5.25V (CBn, DBn) 


Ice 
Power Supply Current 
340 
mA 
Max 
TA = 0·C-25·C 


Ice 
Power Supply Current 
325 
mA 
Max 
TA = 25·C- 
70·C 


AC Electrical Characteristics: 
See Section 2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S 


oC 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc 
= +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
CL = SOpF 


Mln 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
4.0 
14.0 
27.0 
4.0 
31.0 
2-3 
tpHL 
DB or CB to ERR 
4.0 
10.5 
18.0 
4.0 
20.0 
ns 


tpLH 
Propa~n 
Delay 
4.0 
21.0 
27.0 
4.0 
31.0 
2-3 
tpHL 
DBto 
ERR 
4.0 
14.0 
18.0 
4.0 
20.0 
ns 


tpLH 
Propagation 
Delay 
5.0 
17.0 
27.0 
5.0 
31.0 
2-3 
tpHL 
DB or CB to MERR 
5.0 
16.0 
27.0 
5.0 
31.0 
ns 


tpLH 
Propagation 
Delay 
5.0 
23.0 
27.0 
5.0 
31.0 
2-3 
tpHL 
DBtoMERR 
5.0 
19.0 
27.0 
5.0 
31.0 
ns 


tpLH 
Propagation 
Delay 
4.0 
12.0 
16.0 
4.0 
20.0 
2-3 
tpHL 
So and S1. LOW. to DB 
4.0 
12.0 
16.0 
4.0 
20.0 
ns 


tpLH 
Propagation 
Delay 
4.0 
10.5 
14.0 
4.0 
15.0 
2-3 
tpHL 
S1 toCB 
4.0 
9.0 
14.0 
4.0 
15.0 
ns 


tpLH 
Propagation 
Delay 
2.0 
11.5 
13.0 
2.0 
14.0 
ns 
2-3 
So or S1 to ERR or MERR 


tpLH 
Propagation 
Delay 
4.0 
16.0 
23.0 
4.0 
25.0 
2-3 
tpHL 
DB to CB 
4.0 
18.0 
23.0 
4.0 
25.0 
ns 


tpLH 
Propagation 
Delay 
2.0 
11.0 
13.0 
2.0 
14.0 
2-3 
tpHL 
LEDBOto 
DB 
2.0 
11.0 
13.0 
2.0 
14.0 
ns 


tpZH 
Output 
Enable Time 
1.0 
6.0 
10.0 
1.0 
10.0 
2-5 
tpZL 
OEBnto 
DB 
1.0 
6.0 
10.0 
1.0 
10.0 
ns 


tpHZ 
Output 
Disable Time 
10 
5.0 
10.0 
1.0 
10.0 
2-5 
tpLZ 
OEBn to DB 
1.0 
4.0 
10.0 
1.0 
10.0 
ns 


tpZH 
Output 
Enable Time 
1.0 
6.0 
10.0 
1.0 
10.0 
2-5 
tpZL 
OECBto 
CB 
1.0 
6.0 
10.0 
1.0 
10.0 
ns 


tpHZ 
Output 
Disable Time 
1.0 
5.0 
10.0 
1.0 
10.0 
2-5 
tpLZ 
OECBto 
CB 
1.0 
4.0 
10.0 
1.0 
10.0 
ns 


AC Operating Requirements: 
See Section 2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S 


oC 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 
Vcc = +S.OV 
No. 


Min 
Max 
Min 
Max 
Min 
Max 


ts 
Setup Time, HIGH or LOW 
3.0 
3.0 
ns 
2-6 
DB/CB 
before 
So HIGH (S1 HIGH) 


ts(H) 
Setup Time, HIGH 
12.0 
14.0 
ns 
2-6 
So HIGH before 
LEDBO 
HIGH 


ts(H) 
Setup Time, HIGH 
0 
0 
ns 
2-6 
LEDBO 
HIGH before So or S1 LOW 
- 


ts(H) 
Setup Time, HIGH 
0 
0 
ns 
2-6 
LEDBO 
HIGH before S1 HIGH 


ts 
Setup Time, HIGH or LOW 
0 
0 
ns 
2-6 
Diagnostic 
DB before S1 HIGH 


ts 
Setup Time, HIGH or LOW 
Diagnostic 
CB before 
3.0 
3.0 
ns 
2-6 
S1 LOW or So HIGH 


ts 
Setup Time, HIGH or LOW 
Diagnostic 
DB before 
8.0 
8.0 
ns 
2-6 
LEDBO HIGH (S1 LOW, So HIGH) 


th(L) 
Hold Time, LOW 
8.0 
8.0 
ns 
2-6 
So LOW after S1 HIGH 


th 
Hold Time, HIGH or LOW 
8.0 
8.0 
2-6 
DB and CB Hold after So HIGH 
ns 


th 
Hold Time, HIGH or LOW 
8.0 
8.0 
2-6 
DB Hold after S1 HIGH 
ns 


th 
Hold Time, HIGH or LOW 
5.0 
5.0 
2-6 
CB Hold after S1 LOW or So HIGH 
ns 


th 
Hold Time, HIGH or LOW 
Diagnostic 
DB after 
0 
0 
ns 
2-6 
LEDBO 
HIGH (S1 LOW, So HIGH) 


tw(L)' 
LEDBO 
Pulse Width 
8.0 
8.0 
ns 
2-4 


leorr. 
Correction 
Time 
25.0 
.. 
28.0 
ns 


• Note: These parameters 
are guaranteed 
by characterization 
or other tests performed. 


~National 
~ 
semiconductor 


54F /7 4F640 • 54F /7 4F643 • 54F /7 4F645 
Octal Bus Transceiver with TRI-STATE® Outputs 


General Description 


These devices 
are octal bus transceivers 
designed 
for asyn- 


chronous 
two-way 
data flow 
between 
the A and 8 busses. 
80th 
busses 
are 
capable 
of 
sinking 
64 
mA, 
have 
TRI- 
STATE 
outputs, 
and a common 
output 
enable 
pin. The di- 


rection 
of data 
flow 
is determined 
by the transmit/receive 
(T/R) input. The 'F645 
is a high speed/low 
power version 
of 


the 'F245. The 'F640 
is an inverting 
option of the 'F645. The 


'F643 
has a noninverting 
A bus and an inverting 
8 bus. 


Ordering Code: 
See Section 
5 


Logic Symbol 


Features 


• 
Designed 
for asynchronous 
two-way 
data flow 
between 
busses 


• 
Outputs 
sink 64 mA 
• 
Transmit/receive 
(T/R) 
input 
controls 
the 
direction 
of 
data flow 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


• 
'F645 
is a lower 
power, 
faster 
version 
of the 'F245 


• 
'F640 
is an inverting 
option 
of the 'F645 


• 
'F643 
has non inverting 
A bus and inverting 
8 bus 


54F/74F 


Pin Names 
Description 
U.L. 
Input IIH//IL 
HIGH/LOW 
Output 
IOH/IOL 


OE 
Output 
Enable 
Input 


(Active 
LOW) 
1.0/1.0 
20 p.A/- 
0.6 mA 


T/R 
Transmit/Receive 
Input 
1.0/1.0 
20 p.A/-0.6 
mA 


Ao-A7 
Side A Inputs or 
3.5/0.667 
70 p.A/-0.4 
mA 


TRI-STATE 
Outputs 
600/106.6 
(80) 
-12 
mA/64 
mA (48 mAl 


80-87 
Side 8 Inputs or 
3.5/0.667 
70 p.A/-OA 
mA 


TRI-STATE 
Outputs 
600/106.6 
(80) 
-12 
mA/64 
mA (48 mAl 


Pin Assignment 
for 
DIP, SOIC and Flatpak 


T/ii 
20 
Vcc 


Ao 
19 
OE 


Al 
18 
80 
A2 
17 
81 
A3 
16 
B2 


A4 
15 
B3 


As 
14 
B4 


A6 
13 
Bs 


A7 
12 
B6 


GND 
11 
B7 


TL/F/l0267-1 


Pin Assignment 
for LCC 


As As A4 A3 Az 
[IDmlIlrnrn 


A7 [II 


GND [jQJ 
B7 [j] 


B6 {i]] 


8s~ 


[II A1 
mAo 
[I]T/ii 


@I Vcc 
[j]]OE 
•••••••••••••••• 
~~1iE1iZl1iE 
B4 B3 Ilz 
B1 80 


Functional Description 


The output 
enable 
(OE) is active 
LOW. If the device 
is dis- 
abled 
(OE HIGH), 
the 
outputs 
are in the 
high 
impedance 
state. 
The 
transmit/receive 
input 
(TfR) 
controls 
whether 
data is transmitted 
from the A bus to the B bus or from the B 
bus to the A bus. When TfR is LOW, B data is sent to the A 
bus. If TfR 
is HIGH, A data is sent to the B bus. 


Inputs 
Outputs 


OE 
TfR 
'F640 
'F643 
'F645 


L 
L 
Bus B data to Bus A 
Bus B data to Bus A 
Bus B data to Bus A 


L 
H 
Bus A data to Bus B 
Bus A data to Bus B 
Bus A data to Bus B 


H 
X 
Z 
Z 
Z 


H ~ 
High voltage level 
L = Low voltage level 
X = Don't care 
Z = High-impedance state 


or 


T/R 


B. 
B, 
B, 
B, 
B, 
B. 
B. 
a, 


TLiF/10267-4 


'F643 


" 
., 
" 
" 
•• 
" 


or 


T/R 


B, 
B, 
B, 
B, 
B. 
B. 
B, 


Tl/FI10267-5 


'F645 
., 
" 
" 
" 
•• 
" 
• 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Current 
Applied 
to Output 


please 
contact 
the 
National 
Semiconductor 
Sales 
in LOW State (Max) 
twice the rated 10L (mA) 


Office/Distributors 
for 
availability 
and 
specifications. 
ESD Last Passing Voltage 
(Min) 
4000V 


Storage 
Temperature 
- 65·C to + 150·C 
Note 1: Absolute maximum ratings are values beyond which the device may 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
be damaged 
or have its useful life impaired. 
Functional 
operation 
under 


these conditions 
is not implied. 


Junction 
Temperature 
under Bias 
- 55·C to + 175·C 
Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
VCC Pin Potential 
to 
Recommended Operating 
Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 
Conditions 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 
Free Air Ambient 
Temperature 


Voltage 
Applied 
to Output 
Military 
- 55·C to + 125·C 


in HIGH State 
(with VCC = OV) 
Commercial 
O·Cto 
+70·C 


Standard 
Output 
-0.5VtoVcc 
Supply 
Voltage 


TRI-STATE 
Output 
-0.5V 
to + 5.5V 
Military 
+ 4.5V to + 5.5V 
Commercial 
+4.5Vto 
+5.5V 
DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA (Non I/O Pins) 


VOH 
Output 
HIGH 
54F 10% VCC 
2.0 
10H = -12 
mA (An. Bn) 


Voltage 
74F 10% VCC 
2.0 
V 
Min 
10H = - 15 mA (An. Bn) 


VOL 
Output 
LOW 
54F 10% VCC 
0.55 
V 
Min 
10L = 48 mA (An. Bn) 


Voltage 
74F 10% VCC 
0.55 
10L = 64 mA (An. Bn) 


IIH 
Input HIGH 
54F 
20.0 
J.LA 
Max 
VIN = 2.7V (Non I/O Pins) 


Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
J.LA 
Max 
VIN = 7.0V (Non I/O Pins) 


Breakdown 
Test 
74F 
7.0 


IBVIT 
Input HIGH Current 
54F 
1.0 
mA 
Max 
VIN = 5.5V (An. Bn) 
Breakdown 
(I/O) 
74F 
0.5 


ICEX 
Output 
HIGH 
54F 
250 
J.LA 
Max 
VOUT = VCC 
Leakage 
Current 
74F 
50 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.9J.LA 
Test 
All Other Pins Grounded 


laD 
Output 
Leakage 
74F 
3.75 
J.LA 
0.0 
VIaD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V (Non I/O Pins) 


IIH + 
10lH 
Output 
Leakage 
Current 
70 
J.LA 
Max 
VOUT = 2.7V (An. Bn) 


IlL + 
lOlL 
Output 
Leakage 
Current 
-650 
J.LA 
Max 
VOUT = 0.5V (An. Bn) 


10S 
Output Short-Circuit 
Current 
-100 
-225 
mA 
Max 
VOUT = OV 


IZl 
Bus Drainage 
Test 
500 
J.LA 
O.OV 
VOUT = 5.25 


ICCH 
Power Supply Current 
('F640) 
80 
mA 
Max 
Va = HIGH. VIN = 0.2V 


ICCL 
Power Supply Current 
('F640) 
80 
mA 
Max 
Va = LOW 


Iccz 
Power Supply Current 
('F640) 
96 
mA 
Max 
Va = HIGHZ 


ICCH 
Power Supply Current 
('F643) 
75 
mA 
Max 
Va = HIGH. VIN = 0.2V (An) 


ICCL 
Power Supply Current 
('F643) 
85 
mA 
Max 
Va = LOW. VIN = 0.2V (Bn) 


ICCl 
Power Supply Current 
('F643) 
95 
mA 
Max 
Va = HIGHZ 


ICCH 
Power Supply Current 
('F645) 
65 
mA 
Max 
Va = HIGH 


ICCL 
Power Supply Current 
('F645) 
80 
mA 
Max 
Va = LOW. VIN = 0.2V 


ICCl 
Power Supply Current 
('F645) 
90 
mA 
Max 
Va = HIGHZ 


'F640 AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SO pF 
Units 
No. 
CL = SOpF 


Min 
Typ 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
2.5 
7.5 
2.0 
8.0 
2-3 
ns 
tpHL 
A Input to B Output 
2.0 
7.0 
2.0 
7.0 


tpLH 
Propagation 
Delay 
2.5 
7.5 
2.0 
8.0 
2-3 
ns 
tpHL 
B Input to A Output 
2.0 
7.0 
2.0 
7.0 


tpZH 
Enable Time 
2.5 
7.5 
2.0 
9.0 


tpZL 
OE 
Input to A Output 
2.5 
8.0 
2.0 
8.5 
2-5 
ns 


tpHZ 
Disable Time 
1.5 
7.0 
1.0 
7.5 


tpLZ 
OE Input to A Output 
1.5 
6.0 
1.5 
6.0 


tpZH 
Enable Time 
2.5 
7.5 
2.0 
9.0 


tpZL 
OE Input to B Output 
2.5 
8.0 
2.0 
8.5 
2-5 
ns 
tpHZ 
Disable Time 
1.5 
7.0 
1.0 
7.5 


tpLZ 
OE Input to B Output 
1.5 
6.0 
1.5 
6.0 


'F643 AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Units 


CL = SOpF 
CL = SO pF 
CL = SO pF 
No. 


Min 
Typ 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
2.5 
7.5 
2.0 
8.0 


tpHL 
A Input to B Output 
2.0 
7.0 
2.0 
7.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
1.5 
6.0 
1.5 
7.0 


tpHL 
B Input to A Output 
2.0 
7.0 
2.0 
7.5 
ns 
2-3 


tpZH 
Enable Time 
2.5 
8.0 
2.0 
9.0 


tpZL 
OE 
Input to A Output 
2.5 
8.5 
2.0 
8.5 
ns 
2-5 
tpHZ 
Disable Time 
1.5 
7.0 
1.0 
8.0 


tpLZ 
OE Input to A Output 
1.0 
5.5 
1.0 
5.5 


tpZH 
Enable Time 
2.5 
7.5 
2.0 
9.0 


tpZL 
OE Input to B Output 
2.5 
8.0 
2.0 
8.5 
ns 
2-5 
tpHZ 
Disable Time 
1.5 
6.5 
1.0 
7.5 


tpLZ 
OE Input to B Output 
1.5 
6.0 
1.5 
6.0 


• 


74F 
S4F 
74F 


TA = +2S'C 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Cl = SOpF 
Cl = SO pF 
Units 
No. 
Cl = SOpF 


Min 
Typ 
Max 
Min 
Max 
Mln 
Max 


tplH 
Propagation 
Delay 
1.5 
6.0 
1.5 
7.0 
2-3 
tpHl 
A Input to B Output 
2.0 
7.0 
2.0 
7.5 
ns 


tplH 
Propagation 
Delay 
1.5 
6.0 
1.5 
7.0 
2-3 
tpHl 
B Input to A Output 
2.0 
7.0 
2.0 
7.5 
ns 


tpZH 
Enable Time 
2.5 
8.0 
2.0 
9.0 


tpZl 
OE 
Input to A Output 
2.5 
8.5 
2.0 
8.5 
2-5 
ns 
tpHZ 
Disable Time 
1.5 
7.0 
1.0 
8.0 


tpLZ 
OE Input to A Output 
1.0 
5.5 
1.0 
5.5 


tpZH 
Enable Time 
2.5 
7.5 
2.0 
9.5 


tpZL 
OE Input to B Output 
2.5 
8.5 
2.5 
9.0 
2-5 
ns 
tpHZ 
Disable Time 
1.5 
6.5 
1.0 
7.5 


tpLZ 
OE Input to B Output 
1.0 
5.5 
1.0 
5.5 


~National 
~ 
semiconductor 


54F /7 4F646 • 54F /7 4F648 
Octal Transceiver/Register 
with TRI-STATE® Outputs 


General Description 


These 
devices 
consist 
of bus transceiver 
circuits 
with TRI- 
STATE, 
Ootype flip-flops, 
and control 
circuitry 
arranged 
for 
multiplexed 
transmission 
of data directly 
from the input bus 
or from the internal 
registers. 
Data on the A or 8 bus will be 
clocked 
into the registers 
as the appropriate 
clock 
pin goes 
to a high logic level. Control G and direction 
pins are provid- 
ed to 
control 
the 
transceiver 
function. 
In the 
transceiver 
mode, 
data 
present 
at the 
high 
impedance 
port 
may 
be 
stored 
in either the A or the 8 register 
or in both. The select 
controls 
can 
multiplex 
stored 
and 
real-time 
(transparent 
mode) data. The direction 
control 
determines 
which 
bus will 
receive 
data when 
the enable 
control G is Active 
LOW. 
In 
the isolation 
mode 
(control G HIGH), A data may be stored 
in the 8 register 
and/or 
8 data may be stored 
in the A regis- 
ter. 


Features 


• 
Independent 
registers 
for A and 8 buses 


• 
Multiplexed 
real-time 
and stored 
data 


• 
Choice 
of true and inverting 
(' F648) data paths 


• 
TRI-STATE 
outputs 


• 
300 mil slim DIP 
• 
Guaranteed 
4000V 
minimum 
ESD protection 


TLiF/9580-1 


TLiF/9580-7 


IEEE/IEC 
IEEEIIEC 
F646 
F648 


G 
G 
DIR 
DIR 


CPBA 
CPBA 
SBA 
5BA 
CPA8 
CPAB 


5A8 
5A8 
•• 


80 
•• 


Bo 


A, 
8, 
" 


B, 


•• 
B, 
" 


B, 


A, 
B, 
" 


B, 


A. 
8. 
" 


B, 


As 
85 
•• 
B, 
II 
•• 
8, 
•• 
B, 


A7 
S, 
'7 
B, 


Tl/F /9580-' 
Tl/F/9580-9 


4-527 


eo 
"'=I' 
CD 
Connection 
Diagrams 
• 
CD 
Pin Assignment 
"'=I' 
CD 
for DIP, SOIC and Flatpak 
F646 


CPA8 
1 
2. 
Vcc 


SA8 
2 
23 
CP8A 


DIR 
3 
22 
S8A 


Ao • 
21 
G 


A, 
5 
20 
80 


A2 
6 
19 
8, 


A3 
7 
18 
82 


A. 
8 
'7 
83 


As 
9 
16 
8. 


A6 
10 
15 
8s 


A7 
11 
,. 
86 


GND 
12 
13 
87 


TL/F/9580-2 


Pin Assignment 
for lCC 
F646 


As A. A3 NC A2 A1 Ao 
[j]jj]J[[]rnmrnrn 


A61Jll 
illDIR 


A7 1m 
rn SA8 


GND IHl 
m CPAB 


NC~ 
[j]NC 


871]]] 
@I Vcc 
86 Ii] 
IllI CP8A 


8sl]]] 
g§I S8A 


1lID@I~~~~~ 
8. 
83 82 NC 8, 
80 
G 


TLIF/95BO-3 


Pin Assignment 
for DIP, SOIC and Flatpak 
F648 


CPA8 
Vcc 


SA8 
CP8A 


DIR 
S8A 


Ao 
G 


A1 
80 


A2 
8, 


A3 
82 


A. 
83 


As 
8. 


A6 
8s 


A7 
86 


GND 
87 


TLIF/95BO-B 


Pin Assignment 
forlCC 
F648 


As A. A3 NC A2 A, Ao 
[j]jj]J[[]rnmrnrn 


A61Jll 
A7 1m 


GND IHl 


NC~ 


871]]] 
86 Ii] 
8sl]]] 


1lID@I~~~~~ 
8. 83 82 NC 8, 80 G 


illDIR 
rn SA8 
m CPAB 
[j] NC 
@I vcc 
IllI CP8A 
g§I S8A 


Unit Loading/Fan 
Out: 
See Section 
2 for U.L. definitions 


54F/74F 


Pin Names 
Description 
U.L. 
Input 
IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


Ao-A7 
Data Register 
A Inputs/ 
3.5/1.083 
70 ,.,.A/-650 
,.,.A 


TRI-STATE 
Outputs 
600/106.6 
(80) 
-12 
mA/64 
mA (48 mAl 


Bo-B7 
Data Register 
B Inputs/ 
3.5/1.083 
70 ,.,.A/-650,.,.A 


TRI-STATE 
Outputs 
600/106.6 
(80) 
-12 
mA/64 
mA (48 mAl 


CPAB,CPBA 
Clock Pulse Inputs 
1.0/1.0 
20 ,.,.A/-0.6 
mA 


SAB,SBA 
Select 
Inputs 
1.0/1.0 
20 ,.,.A/-0.6 
mA 
G 
Output 
Enable 
Input 
1.0/1.0 
20 ,.,.A/-0.6 
mA 


DIR 
Direction 
Control 
Input 
1.0/1.0 
20,.,.A/-0.6mA 


.. 
Function 
Table 


Inputs 
Data I/O' 
Function 
G 
DIR 
CPAB 
CPBA 
SAB 
SBA 
Ao-A7 
Bo-B7 


H 
X 
HorL 
HorL 
X 
X 
Isolation 


H 
X 
.J' 
X 
X 
X 
Input 
Input 
Clock An Data into A Register 


H 
X 
X 
.J' 
X 
X 
Clock Bn Data into B Register 


L 
H 
X 
X 
L 
X 
An to Bn-Real 
Time (Transparent 
Mode) 


L 
H 
.J' 
X 
L 
X 
Input 
Output 
Clock An Data into A Register 
L 
H 
H or L 
X 
H 
X 
A Register 
to Bn (Stored 
Mode) 


L 
H 
.J' 
X 
H 
X 
Clock An Data into A Register 
and Output to Bn 


L 
L 
X 
X 
X 
L 
Bn to An-Real 
Time (Transparent 
Mode) 
L 
L 
X 
.J' 
X 
L 
Output 
Input 
Clock Bn Data into B Register 
L 
L 
X 
HorL 
X 
H 
B Register 
to An (Stored 
Mode) 
L 
L 
X 
.J' 
X 
H 
Clock Bn Data into B Register 
and Output to An 


·The dats output functions 
may be enabled or disabled by various signals at the (j and DIR Inputs. Oats input functions are always enabled; i.e., data at the bus 
pins will be stored on every LOW·to-HIGH 
transition of the clock inputs. 


H - 
HIGH Vollage 
Level 


L ~ 
LOW Voltage Level 


X = Irrelevant 


.f 
= LOW·to-HIGH 
Transition 


TL/F/9580-5 


Please note that this diagram is provided only for the understanding 
of logic operations and should not be used to estimate propagation 
delays. 


TL/F/9580-6 


Please note that this diagram is provided only for the understanding 
of logic operations and should not be used to estimate propagation 
delays . 


• 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5V 
to Vcc 
TRI-STATE 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA (Non I/O Pins) 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.0 
V 
Min 
10H = -12 
mA (An. Bn) 


Voltage 
74F 10% Vcc 
2.0 
10H = -15 
mA (An. Bn) 


VOL 
Output 
LOW 
54F 10% VCC 
0.55 
V 
Min 
10L = 48 mA (An. Bn) 
Voltage 
74F 10% Vcc 
0.55 
10L = 64 mA (An. Bn) 


IIH 
Input HIGH 
54F 
20.0 
I-'A 
Max 
VIN = 2.7V (Non I/O Pins) 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
I-'A 
Max 
VIN = 7.0V (Non I/O Pins) 


Breakdown 
Test 
74F 
7.0 


IBVlr 
Input HIGH Current 
54F 
1.0 
mA 
Max 
VIN = 5.5V (An, Bn) 
Breakdown 
(I/O) 
74F 
0.5 


'CEX 
Output 
HIGH 
54F 
250 
I-'A 
Max 
Your 
= Vcc 


Leakage 
Current 
74F 
50 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.91-'A 
Test 
All Other Pins Grounded 


10D 
Output 
Leakage 
74F 
3.75 
I-'A 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V (Non I/O Pins) 


IIH + 
10lH 
Output 
Leakage 
Current 
70 
I-'A 
Max 
Your 
= 2.7V (An. Bn) 


IlL + 
lOlL 
Output 
Leakage 
Current 
-650 
I-'A 
Max 
Your 
= 0.5V (An. Bn) 


10S 
Output Short-Circuit 
Current 
-100 
-225 
mA 
Max 
Your 
= OV 


III 
Bus Drainage 
Test 
500 
I-'A 
O.OV 
Your 
= 5.25V 


ICCH 
Power Supply Current 
135 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
150 
mA 
Max 
Vo = LOW 


ICCl 
Power Supply Current 
150 
mA 
Max 
Vo = HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and load 
Configurations 


74F 
S4F 
74F 


TA = +2S"C 
TA. VCC = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = 50 pF 
Units 
No. 
CL = SOpF 


Min 
Max 
Min 
Max 
Min 
Max 


fmax 
Maximum 
Clock Frequency 
90 
75 
90 
MHz 
2-1 


tpLH 
Propagation 
Delay 
2.0 
7.0 
2.0 
8.5 
2.0 
8.0 
2-3 
ns 
tpHL 
Clock to Bus 
2.0 
8.0 
2.0 
9.5 
2.0 
9.0 


tpLH 
Propagation 
Delay 
1.0 
7.0 
1.0 
8.0 
1.0 
7.5 
2-3 
tpHL 
Bus to Bus ('F646) 
1.0 
6.5 
1.0 
8.0 
1.0 
7.0 
ns 


tpLH 
Propagation 
Delay 
2.0 
8.5 
1.0 
10.0 
2.0 
9.0 
2-3 
tpHL 
Bus to Bus ('F648) 
1.0 
7.5 
1.0 
9.0 
1.0 
8.0 
ns 


tpLH 
Propagation 
Delay 
2.0 
8.5 
2.0 
11.0 
2.0 
9.5 
2-3 
ns 
tpHL 
SBA orSAB 
toAor 
B 
2.0 
8.0 
2.0 
10.0 
2.0 
9.0 


tpZH 
Enable Time 
2.0 
8.5 
2.0 
10.0 
2.0 
9.0 


tpZL 
OEtoAorB 
2.0 
12.0 
2.0 
13.5 
2.0 
12.5 
ns 


tpHZ 
Disable Time 
1.0 
7.5 
1.0 
9.0 
1.0 
8.5 
2-5 
OE to A or B 
2.0 
9.0 
2.0 
11.0 
2.0 
9.5 
ns 
tpLZ 


tpZH 
Enable Time 
2.0 
14.0 
2.0 
16.0 
2.0 
15.0 


tpZL 
DIR to A or B 
2.0 
13.0 
2.0 
15.0 
2.0 
14.0 
ns 


tpHZ 
Disable Time 
1.0 
9.0 
1.0 
10.0 
1.0 
9.5 
2-5 
tpLZ 
DIR to A or B 
2.0 
11.0 
2.0 
12.0 
2.0 
11.5 
ns 


AC Operating 
Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S"C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Min 
Max 
Min 
Max 
Min 
Max 


ts(H) 
Setup Time, HIGH or lOW 
5.0 
5.0 
5.0 
ts(l) 
Bus to Clock 
5.0 
5.0 
5.0 
ns 
2-6 


th(H) 
Hold Time, HIGH or lOW 
2.0 
2.5 
2.0 
th(l) 
Busto 
Clock 
2.0 
2.5 
2.0 
ns 
2-6 


tw(H) 
Clock Pulse Width 
5.0 
5.0 
5.0 
tw(l) 
HIGH or lOW 
5.0 
5.0 
5.0 
ns 
2-4 


~National 
~ 
semiconductor 


54F /7 4F651 • 54F /7 4F652 
Transceivers/Registers 


General Description 


These 
devices 
consist 
of 
bus 
transceiver 
circuits 
with 


D-type 
flip-flops, 
and 
control 
circuitry 
arranged 
for 
multi- 


plexed 
transmission 
of 
data 
directly 
from 
the 
input 
bus 
or 


from 
internal 
registers. 
Data 
on 
the 
A 
or 
B 
bus 
will 
be 


clocked 
into 
the 
registers 
as the 
appropriate 
clock 
pin goes 


to 
HIGH 
logic 
level. 
Output 
Enable 
pins 
(OEAB, 
OEBA) 
are 


provided 
to control 
the 
transceiver 
function. 


Ordering Code: 
See 
Section 
5 


Logic Symbols 
Connection 
Diagrams 


IEEE/IEC 
IEEE/IEC 
Pin 
Assignment 


'F651 
'F652 
DIP, 
SOIC and 
Flatpak 


OEBA 
OEBA 
CPAB 
1 
24 
Vcc 


OEAB 
OEAB 
SAB 
2 
23 
CPBA 


SBA 
CPBA 
OEAB 
3 
22 
SBA 


CPBA 
SBA 
Ao 
4 
21 
OEBA 
CPAB 
CPAB 
SAB 
SAB 
A, 
5 
20 
BO 
A2 
6 
'9 
B, 
Ao 
Bo 
AO 
BO 
AS 
7 
18 
B2 


A. 
8 
17 
Bs 
A, 
B, 
A, 
B, 
AS 
9 
16 
B. 


A2 
B2 
A2 
B2 
1.0 
10 
15 
Bs 
As 
Bs 
As 
Bs 
A7 
11 
,. 
B6 
A. 
B. 
A. 
B. 
GNO 
12 
13 ~ 
As 
BS 
AS 
BS 


A6 
B6 
A6 
B6 
TLIF/9S81-3 


A7 
B7 
A, 
B, 
Pin 
Assignment 


TL/F/9S81-1 
for LCC 
TLIF/9S81-10 
As A4 A3 HC A2 A, Ao 


'F651 
'F652 
/TIl@]rnOO[l]OOOO 


A6~> 
[!] OW 
A7/j] ::- 
rn SAB 


OEAB 
GNDIHJ 
mCPAB 
OEAB 
HC /j] 
rnHC 
OEBA 
OEBA 
~1l§J 
~VCC 
B61i11 
IiZlcpBA 


BsllE 
~SBA 


TLIF/9581-11 
[j]]l1!lIlJl~~~~ 
TL/F/9S81-2 
B4 B3 B2 Ne B, Bo llEBA 


TLIF/9581-4 


Features 


• 
Independent 
registers 
for 
A and 
B buses 


• 
Multiplexed 
real-time 
and 
stored 
data 


• 
Choice 
of non-inverting 
and 
inverting 
data 
paths 
- 
'F651 
inverting 


- 
'F652 
non-inverting 


• 
Guaranteed 
4000V 
minimum 
ESD 
protection 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 


HIGH/LOW 
Output 
IOH/IOL 


Ao-A7' 
Bo-B7 
A and B Inputs/ 
1.011.0 
20 IJ-Al-0.6 
mA 
TRI-STATE4Il 
Outputs 
600/106.6 
(80) 
-12 
mAl64 
mA (48 mAl 


CPAB,CPBA 
Clock Inputs 
1.0/1.0 
20 IJ-Al-0.6 
mA 


SAB,SBA 
Select 
Inputs 
1.0/1.0 
20 IJ-Al-0.6 
mA 


OEAB,OEBA 
Output 
Enable 
Inputs 
1.0/1.0 
20 IJ-Al-0.6 
mA 


TL/F/95S1-12 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Functional Description 


In the transceiver 
mode, 
data 
present 
at the HIGH 
imped- 
ance port may be stored 
in either the A or B register 
or both. 


The 
select 
(SAB, 
SBA) 
controls 
can 
multiplex 
stored 
and 
real-time. 


The examples 
in Figure 
1 demonstrate 
the four fundamental 
bus-management 
functions 
that can be performed 
with the 
Octal 
bus transceivers 
and receivers. 


Data on the A or B data bus, or both can be stored 
in the 
internal 
D flip-flop 
by LOW to HIGH transitions 
at the appro- 


priate Clock 
Inputs 
(CPAB, CPBA) 
regardless 
of the Select 
or Output 
Enable 
Inputs. When SAB and SBA are in the real 


time transfer 
mode, 
it is also possible 
to store 
data without 
using 
the 
internal 
D flip-flops 
by simultaneously 
enabling 
OEAB and OEBA. In this configuration 
each Output 
reinforc- 
es its Input. 
Thus 
when 
all other 
data 
sources 
to the two 
sets of bus lines are in a HIGH impedance 
state, each set of 
bus lines will remain 
at its last state. 


TLIF/9581-8 


TLIF/9581-6 
TL/F/9581-7 
OEAB 
0EllA 
CPAB 
CPBA 
SAB 
SBA 
TLIF/9581-9 


OEAB 
0EllA 
CPAB 
CPBA 
SAB 
SBA 
OEAB 
0EllA 
CPAB 
CPBA 
SAB 
seA 
--r 
OEAB 
0EllA 
CPAB 
CPBA 
SAB 
SBA 


L 
--r 
H~L 
HorL 


--r 
--r 


FIGURE 
1 


Inputs 
Inputs/Outputs 
(Note 
1) 
Operating 
Mode 


OEAB 
OEBA 
CPAB 
CPBA 
SAB 
SBA 
Ao thru 
A7 
Bo thru 
B7 


L 
H 
HorL 
HorL 
X 
X 
Input 
Input 
Isolation 


L 
H 
-./ 
-./ 
X 
X 
Store A and B Data 


X 
H 
-./ 
HorL 
X 
X 
Input 
Not Specified 
Store A, Hold B 


H 
H 
-./ 
-./ 
X 
X 
Input 
Output 
Store A in Both Registers 


L 
X 
HorL 
-./ 
X 
X 
Not Specified 
Input 
Hold A, Store B 


L 
L 
-./ 
-./ 
X 
X 
Output 
Input 
Store B in Both Registers 


L 
L 
X 
X 
X 
L 
Output 
Input 
Real-Time 
B Data to A Bus 


L 
L 
X 
H or L 
X 
H 
Store B Data to A Bus 


H 
H 
X 
X 
L 
X 
Real-Time 
A Data to B Bus 
Input 
Output 
H 
H 
HorL 
X 
H 
X 
Stored A Data to B Bus 


H 
L 
HorL 
HorL 
H 
H 
Output 
Output 
Stored A Data to B Bus and 


Stored 
B Data to A Bus 


Note 
A: Real-Time 
Transfer 
Bus B to Bus A 
Note 
B: Real-Time 
Transfer 
Bus A to Bus B 
Note 
D: Transfer 
Storage 
Data to A or B 


.---- 
.•I .---- 
•• 
, 
,, 
. 
, 
III 
I 
III 
I 
III 
I 


III 
I 
III 
I 


,II 
I 
, 


H ~ HIGH Voltage 
Level 


L 
~ 
LOW 
Voltage 
Level 


X = Immaterial 
.f 
- 
LOW 
to HIGH Clock 
Transition 


Note 1: The data output functions may be enabled or disabled by various signals at OEAB or OEBA inputs. Data input functions are always enabled, Le., data at the 
bus pins will be stored on every LOW to HIGH transition on the crock inputs. 


• 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Voltage 
Applied 
to Output 


please 
contact 
the 
National 
Semiconductor 
Sales 
in HIGH State 
(with Vee = OV) 
Office/Distributors 
for 
availability 
and specifications. 
Standard 
Output 
-0.5VtoVee 


Storage 
Temperature 
- 65'C to + 150'C 
TRI-STATE 
Output 
-0.5Vto 
+5.5V 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Current 
Applied 
to Output 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
in LOW State (Max) 
twice the rated 10L (mA) 


Vee Pin Potential 
to 
ESD Last Passing Voltage 
(Min) 
4000V 


Ground 
Pin 
-0.5Vto 
+7.0V 
Recommended Operating 
Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30mAto 
+5.0mA 
Conditions 


Note 1: Absolute maximum ratings are values beyond which the device may 
Free Air Ambient 
Temperature 


be damaged 
or have its useful 
life impaired. 
Functional 
operation 
under 
Military 
- 55'C to + 125'C 


these conditions 
is not implied. 
Commercial 
O'Cto 
+70'C 
Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
Supply 
Voltage 
Military 
+ 4.5V to + 5.5V 
Commercial 
+ 4.5V to + 5.5V 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


Veo 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA (Non I/O Pins) 


VOH 
Output HIGH 
54F 10% Vee 
2.0 
V 
Min 
10H = -12 
mA (An. Bn) 


Voltage 
74F 10% Vee 
2.0 
10H = -15 
mA (An.,Bn) 


VOL 
Output 
LOW 
54F 10% Vee 
0.55 
V 
Min 
IOL = 48 mA (An. Bn) 


Voltage 
74F 10% Vee 
0.55 
10L = 64 mA (An. Bn) 


IIH 
Input HIGH 
54F 
20.0 
VIN = 2.7V 


Current 
74F 
5.0 
IJ-A 
Max 
(Non I/O Pins) 


IBVI 
Input HIGH Current 
54F 
100 
IJ-A 
Max 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 


IBVIT 
Input HIGH Current 
54F 
1.0 
mA 
Max 
VIN = 5.5V 
Breakdown 
(I/O) 
74F 
0.5 
(An. Bn) 


leEX 
Output HIGH 
54F 
250 
VOUT = Vee 
Leakage 
Current 
74F 
50 
IJ-A 
Max 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9IJ-A 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
IJ-A 
0.0 
VIIOO = 150 mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V (Non I/O Pins) 


IIH + 
10lH 
Output 
Leakage 
Current 
70 
IJ-A 
Max 
VOUT = 2.7V (An, Bn) 


IlL + 
lOlL 
Output 
Leakage 
Current 
-650 
IJ-A 
Max 
VOUT = 0.5V (An. Bn) 


10S 
Output Short-Circuit 
Current 
-100 
-225 
mA 
Max 
VOUT = OV 


Izz 
Bus Drainage 
Test 
500 
IJ-A 
O.OV 
VOUT = 5.25V 


leeH 
Power Supply Current 
105 
135 
mA 
Max 
Va = HIGH 


leeL 
Power Supply Current 
118 
150 
mA 
Max 
Va = LOW 


leez 
Power Supply Current 
115 
150 
mA 
Max 
Va = HiGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and load 
Configurations 


" 
" 


74F 
54F 
74F 
,. 


TA = +25°C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc 
= +5.0V 
CL = 50 pF 
CL = 50 pF 
Units 
No. 
CL = 50pF 


Min 
Max 
Min 
Max 
Min 
Max 


fmax 
Max. Clock Frequency 
90 
75 
90 
MHz 
2-1 


tpLH 
Propagation 
Delay 
2.0 
7.0 
2.0 
8.5 
2.0 
8.0 
2-3 
ns 
tpHL 
Clock to Bus 
2.0 
8.0 
2.0 
9.5 
2.0 
9.0 


tpLH 
Propagation 
Delay 
2.0 
8.5 
1.0 
9.0 
2.0 
9.0 
2-3 
ns 
tpHL 
Bus to Bus ('F651) 
1.0 
7.5 
1.0 
8.0 
1.0 
8.0 


tpLH 
Propagation 
Delay 
1.0 
7.0 
1.0 
8.0 
1.0 
7.5 
2-3 
ns 
tpHL 
Bus to Bus ('F652) 
1.0 
6.5 
1.0 
8.0 
1.0 
7.0 


tpLH 
Propagation 
Delay 
2.0 
8.5 
2.0 
11.0 
2.0 
9.5 
2-3 
ns 
tpHL 
SBA or SAB to A or B 
2.0 
8.0 
2.0 
10.0 
2.0 
9.0 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
54F 
74F 


Symbol 
Parameter 
TA = +25°C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +5.0V 
No. 


Min 
Max 
Min 
Max 
Min 
Max 


tpZH 
Enable Time 
2.0 
9.5 
2.0 
10.0 
2.0 
10.0 


tpZL 
·OEBA 
to A 
2.0 
12.0 
2.0 
10.0 
2.0 
12.5 


tpHZ 
Disable Time 
1.0 
7.5 
1.0 
9.0 
1.0 
8.0 


tpLZ 
·OEBA 
toA 
2.0 
8.5 
1.0 
9.0 
2.0 
9.0 
ns 
2-5 


tpZH 
Enable Time 
2.0 
9.5 
2.0 
10.0 
2.0 
10.0 


tpZL 
OEABtoB 
3.0 
13.0 
2.0 
12.0 
3.0 
14.0 


tpHZ 
Disable Time 
2.0 
9.0 
1.0 
9.0 
2.0 
10.0 


tpLZ 
OEABtoB 
2.0 
10.5 
1.0 
12.0 
2.0 
11.0 
ns 
2-5 


ts(H) 
Setup Time, HIGH or 
5.0 
5.0 
5.0 


ts(l) 
lOW, 
Bus to Clock 
5.0 
5.0 
5.0 
ns 
2-6 


th(H) 
Hold Time, HIGH or 
2.0 
2.5 
2.0 
th(l) 
lOW, 
Bus to Clock 
2.0 
2.5 
2.0 
ns 
2-6 


tw(H) 
Clock Pulse Width 
5.0 
5.0 
5.0 


twILl 
HIGH or lOW 
5.0 
5.0 
5.0 
ns 
2-4 


~National 
~ 
semiconductor 


54F/7 4F657 Octal Bidirectional Transceiver 
with 8-Bit Parity Generator/Checker 
and TRI-STATE® Outputs 


General Description 


The 
'F657 
contains 
eight 
non-inverting 
buffers 
with 
TRI-STATE~ 
outputs 
and an 8-bit parity generator/checker. 
It is intended 
for bus-oriented 
applications. 
The buffers 
have 
a guaranteed 
current 
sinking capability 
of 24 mA (20 mA mil) 


at the A port and 64 mA (48 mA mil) at the B port. 


Features 


• 
300 Mil 24-pin 
slimline 
DIP 


• 
Combines 
'F245 
and 'F280A 
functions 
in one package 


• 
TRI-STATE 
outputs 


• 
B Outputs 
sink 64 mA (48 mA mil) 


• 
12 mA source 
current, 
B side 


• 
Input diodes 
for termination 
effects 


PARITY 


ERROR 


Ao 
1.0. 
80 


Al 
81 


Az 
8z 


A3 
83 


A~ 
8~ 


As 
85 


A6 
86 


A7 
~ 


TLIF/9S84-S 


Connection 
Diagrams 


Pin Assignment 
Pin Assignment 
for DIP, SOIC 
for LCC 
and Flatpak 
95 96 97 NCPARERROOO/EVEN 


[jj) ffID rn ~)[IJ m rn 


T/R 
1 
2~ 
OE 


Ao 
2 
23 
80 
8~@ 
rn A7 


Al 
3 
22 
8, 
GND II1J 
rn A6 


A2 
~ 
21 
8z 


GND Ii] 
mAs 


A3 
5 
20 
83 


NC IiID 
[DNC 


83 ffID 
~vcc 
A~ 
6 
19 
GND 
8z1!I1 
@A~ 


VCC 
7 
18 
GND 
811IID 
~A3 


As 
9 
17 
8~ 


As 
9 
16 
85 
I!IDfiQlfZjJ~~~~ 


A7 
10 
15 
86 
80 OE T/R NC Ao AI Az 


OOD/MN 
11 
14 
87 
TL/F/9584-3 


ERROR 
12 
13 
PARITY 


TLIF/9584-2 


HIGH/LOW 
Output 
IOH/IOL 


Ao-A7 
Data Inputs/ 
4.5/0.15 
90 ,.A/- 
90,.A 


TRI-STATE 
Outputs 
150/40 
(33.3) 
-3 
mAl24 
mA (20 mAl 


Bo-B7 
Data Inputs/ 
3.5/0.117 
70 ,.AI-70,.A 


TRI-STATE 
Outputs 
600/106.6 
(80) 
-12 
mA/64 
mA (48 mAl 


T/R 
Transmit/Receive 
Input 
2.0/0.067 
40 ,.A/-40,.A 


OE 
Enable 
Input 
2.0/0.067 
40 ,.AI-40,.A 


PARITY 
Parity Input/ 
3.5/0.117 
70,.AI-70,.A 


TRI-STATE 
Output 
600/106.6 
(80) 
-12 
mAl64 
mA (48 mAl 


ODD/EVEN 
ODD/EVEN 
Parity Input 
1.0/0.033 
20 ,.A/-20,.A 


ERROR 
Error Output 
600/106.6 
(80) 
-12 
mAl64 
mA (48 mAl 


Functional Description 


The Transmit/Receive 
(T/R) 
input determines 
the direction 
ty select 
(ODD/EVEN). 
If the Parity Select 
is HIGH and an 
of 
the 
data 
flow 
through 
the 
bidirectional 
transceivers. 
even 
number 
of A inputs 
are 
HIGH, 
the 
Parity 
output 
is 
Transmit 
(active 
HIGH) enables 
data from the A port to the 
HIGH. 
B port; Receive 
(active 
LOW) enables 
data from the B port 
In receiving 
mode (T/R 
LOW), the parity select 
and number 
to the A port. 
of HIGH inputs 
on port B are compared 
to the condition 
of 
The 
Output 
Enable 
(OE) 
input 
disables 
the 
parity 
and 
the Parity input. If an even number 
of bits on the B port are 
ERROR 
outputs 
and both the A and B ports by placing them 
HIGH, 
the 
parity 
select 
is HIGH, 
and the 
PARITY 
input 
is 
in a HIGH-Z 
condition 
when 
the 
Output 
Enable 
input 
is 
HIGH, then ERROR 
will be HIGH to indicate 
no error. 
If an 
HIGH. 
odd number 
of bits on the B port are HIGH, the parity select 


When transmitting 
(T /R HIGH), the parity generator 
detects 
is HIGH, and the PARITY 
input is HIGH, the ERROR 
will be 


whether 
an even 
or odd number 
of bits on the A port are 
LOW indicating 
an error. 


HIGH 
and compares 
these 
with the 
condition 
of the 
pari- 


Function 
Table 


Number 
of 
Inputs 
Input! 
Outputs 
Inputs That 
Output 


Are High 
OE 
T/R 
ODD/EVEN 
Parity 
ERROR 
Outputs 
Mode 


0,2,4,6,8 
L 
H 
H 
H 
Z 
Transmit 


L 
H 
L 
L 
Z 
Transmit 


L 
L 
H 
H 
H 
Receive 


L 
L 
H 
L 
L 
Receive 


L 
L 
L 
H 
L 
Receive 


L 
L 
L 
L 
H 
Receive 


1,3,5,7 
L 
H 
H 
L 
Z 
Transmit 


L 
H 
L 
H 
Z 
Transmit 


L 
L 
H 
H 
L 
Receive 


L 
L 
H 
L 
H 
Receive 


L 
L 
L 
H 
H 
Receive 


L 
L 
L 
L 
L 
Receive 


Immaterial 
H 
X 
X 
Z 
Z 
Z 


H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = Immaterial 
Z = High Impedance 


Function 
Table 


Inputs 
Outputs 
OE 
TfR 


L 
L 
Bus B Data to Bus A 
H = HIGH Voltage Level 
L ~ 
LOW Voltage Level 
L 
H 
Bus A Data to Bus B 
x = 
Immaterial 


H 
X 
High-Z State 


i5E 


Ao 


BO 


Al 


B1 


A2 


B2 


A3 


B3 


A. 


B. 


AS 


Bs 


A6 


B6 


A] 


B] 


Absolute Maximum Ratings 
(Note 1) 


If Military/Aerospace 
specified 
devices 
are 
required, 
Current 
Applied 
to Output 


please 
contact 
the 
National 
Semiconductor 
Sales 
in LOW State (Max) 
twice the rated 10l (mA) 


Office/Distributors 
for availability 
and specifications. 
Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


Storage 
Temperature 
- 65·C to + 150·C 
be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


Junction 
Temperature 
under Bias 
- 55·C to + 175·C 


Vcc 
Pin Potential 
to 
Recommended 
Operating 


Ground 
Pin 
-0.5V 
to + 7.0V 
Conditions 
Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 
Free Air Ambient 
Temperature 
Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 
Military 
- 55·C to + 125·C 


Voltage 
Applied 
to Output 
Commercial 
O·Cto 
+70·C 


in HIGH State 
(with Vcc = OV) 
Supply 
Voltage 
Standard 
Output 
-0.5VtoVcc 
Military 
+ 4.5V to + 5.5V 
TRI-STATE 
Output 
- 0.5V to + 5.5V 
Commercial 
+ 4.5V to + 5.5V 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


Vil 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10%Vcc 
2.5 
10H = - 1 mA (An) 
Voltage 
54F 10% Vcc 
2.4 
10H = -3 
mA (An, Bn, Parity, ERROR) 
54F 10% Vcc 
2.0 
10H = -12 
mA (Bn, Parity, ERROR) 
74F 10% Vcc 
2.5 
V 
Min 
10H = - 1 mA (An) 
74F 10% VCC 
2.4 
10H = -3 
mA (An Bn, Parity, ERROR) 
74F 10% Vcc 
2.0 
10H = -15 
mA (Bn, Parity, ERROR) 


74F 5% Vcc 
2.7 
10H = - 1 mA (An) 
74F 5% VCC 
2.7 
10H = -3 
mA (An, Bn, Parity, ERROR) 


Val 
Output 
LOW 
54F 10% Vcc 
0.5 
10l = 20 mA (An) 
Voltage 
54F 10% Vcc 
0.55 
V 
Min 
10l = 48 mA (Bn, Parity, ERROR) 
74F 10% Vcc 
0.5 
10l = 24 mA (An) 
74F 10% VCC 
0.55 
10l = 64 mA (Bn Parity, ERROR) 


IIH 
Input HIGH Current 
20 
IJ-A 
Max 
VIN = 2.7V (ODD/EVEN) 
40 
VIN 2.7V (T/R, OE) 


IBVI 
Input HIGH Current 
100 
IJ-A 
Vcc = 0 
VIN = 7.0V (T /R, OE, ODD/EVEN) 
Breakdown 
Test 


IBVIT 
Input HIGH Current 
1.0 
mA 
Max 
VIN = 5.5V (Parity, Bn) 
Breakdown 
Test (I/O) 
2.0 
VIN = 5.5V (An) 


III 
Input LOW Current 
-20 
IJ-A 
Max 
VIN = 0.5V (ODD/EVEN) 


-40 
VIN = 0.5V (T/A, OE) 


10lH 
Output 
Leakage 
Current 
50 
IJ-A 
Max 
VOUT = 2.7V (ERROR) 


lOll 
Output 
Leakage 
Current 
-50 
IJ-A 
Max 
VOUT = 0.5V (ERROR) 


IIH + 
10lH 
Output 
Leakage 
Current 
70 
IJ-A 
Max 
Vila = 2.7V (Bn, Parity) 
90 
VI/a = 2.7V (An) 


III + lOll 
Output 
Leakage 
Current 
-70 
IJ-A 
Max 
Vila 
= 0.5V (Bn, Parity) 


-90 
Vila = 0.5V (An) 


10S 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV (An) 


-100 
-225 
VOUT = OV (Bn, Parity, ERROR) 


ICEX 
Output 
HIGH Leakage 
250 
IJ-A 
Max 
VOUT = Vcc (ERROR) 


Current 
1.0 
mA 
Max 
VOUT = Vcc 
(Bn, Parity) 
2.0 
mA 
Max 
VOUT = VCC (An) 


III 
Bus Drainage 
Test 
500 
IJ-A 
O.OV 
VOUT = 5.25V (An, Bn, Parity, ERROR) 


ICCH 
Power Supply Current 
101 
125 
mA 
Max 
Va = HIGH 


ICCL 
Power Supply Current 
112 
150 
mA 
Max 
Va = LOW 


ICCl 
Power Supply Current 
109 
145 
mA 
Max 
VA = HiGHZ 


I" 
It) 


CD 
AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2SOC 
TA. Vcc 
= Mil 
TA. Vcc 
= Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 


CL = SOpF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
2.5 
4.5 
8.0 
2.5 
9.5 
2.5 
9.0 
2-3 
ns 
tpHL 
An to Bn, Bn to An 
3.0 
4..9 
7.5 
3.0 
8.5 
3.0 
8.0 


tpLH 
Propagation 
Delay 
6.5 
10.1 
14.0 
5.5 
18.0 
6.0 
16.0 
2-3 
ns 
tpHL 
An to Parity 
7.0 
10.9 
15.0 
5.5 
20.5 
6.0 
16.5 


tpLH 
Propagation 
Delay 
4.5 
7.8 
11.0 
4.0 
14.0 
4.0 
13.0 
2-3 


ODD/EVEN 
to PARITY 
4.5 
8.8 
12.0 
4.5 
16.5 
4.5 
13.5 
ns 
tpHL 


tpLH 
Propagation 
Delay 
4.5 
7.5 
11.0 
4.0 
14.0 
4.0 
13.0 
2-3 
ODD/EVEN 
to ERROR 
8.2 
12.0 
4.5 
16.5 
4.5 
13.5 
ns 
tpHL 
4.5 


tpLH 
Propagation 
Delay 
8.0 
14.0 
20.5 
7.5 
27.0 
7.5 
23.0 
2-3 
Bnto 
ERROR 
8.0 
15.0 
21.5 
7.5 
28.5 
7.5 
23.5 
ns 
tpHL 


tpLH 
Propagation 
Delay 
7.0 
10.8 
15.5 
6.0 
20.0 
6.0 
17.0 
2-3 
PARITY to ERROR 
11.8 
16.5 
6.5 
22.0 
7.5 
18.5 
ns 
tpHL 
7.5 


tpZH 
Output 
Enable Time 
3.0 
5.0 
8.0 
2.5 
11.0 
2.5 
9.5 
2-5 
OEto 
An/Bn 
4.0 
6.5 
10.0 
3.5 
13.5 
3.5 
11.0 
ns 
tpZL 


tpHZ 
Output 
Disable Time 
1.0 
4.5 
8.0 
1.0 
9.5 
1.0 
9.0 
2-5 
OE to An/Bn 
1.0 
4.9 
7.5 
1.0 
8.5 
1.0 
8.0 
ns 
tpLZ 


tpZH 
Output 
Enable Time 
3.0 
5.0 
8.0 
2.5 
11.0 
2.5 
9.5 
2-5 
tpZL 
OE to ERROR 
(Note 1) 
4.0 
7.7 
10.0 
3.5 
13.5 
3.5 
11.0 
ns 


tpHZ 
Output 
Disable Time 
1.0 
4.5 
8.0 
1.0 
9.5 
1.0 
9.0 


tpLZ 
OEtoERROR 
1.0 
4.9 
7.5 
1.0 
8.5 
1.0 
8.0 
ns 
2-5 


tpZH 
Output 
Enable Time 
3.0 
5.0 
8.0 
2.5 
11.0 
2.5 
9.5 
2-5 
tpZL 
OEtoPARITY 
4.0 
7.7 
10.0 
3.5 
13.5 
3.5 
11.0 
ns 


tpHZ 
Output 
Disable Time 
1.0 
4.6 
8.0 
1.0 
9.5 
1.0 
9.0 
2-5 
tpLZ 
OEtoPARITY 
1.0 
5.1 
7.5 
1.0 
8.5 
1.0 
8.0 
ns 


Note 1: These delay times reflect the TRI·STATE 
recovery time only and not the signal time through the buffers or the parity check circuity. To assure VALID 
information at the ERROR pin, time must be allowed for the signal to propagate through the drivers (8 to A), through the parity check circuitry (same as A to 
PARITY), and to the ERROR output after the ERROR pin has been enabled (Output Enable times). VALID data at the ERROR pin" 
(A to PARITY) + (Output 
Enable Time). 
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54F/74F673A 
16-Bit Serial-In, Serial/Parallel-Out 
Shift Register 


General Description 


The 'F673A 
contains 
a 16-bit serial-in, 
serial-out 
shift regis- 


ter and 
a 16-bit 
parallel-out 
storage 
register. 
A single 
pin 
serves 
either 
as 
an 
input 
for 
serial 
entry 
or 
as 
a TRI- 


STATE~ 
serial output. 
In the Serial-out 
mode, the data recir- 
culates 
in the shift register. 
By means 
of a separate 
clock, 


the contents 
of the shift register 
are transferred 
to the stor- 
age register 
for parallel 
outputting. 
The contents 
of the stor- 
age register 
can also be parallel 
loaded 
back 
into the shift 
register. 
A HIGH 
signal 
on the Chip Select 
input 
prevents 
both shifting 
and parallel 
transfer. 
The storage 
register 
may 
be cleared 
via STMR. 


Features 


• 
Serial-to-parallel 
converter 


• 
16-bit serial 
I/O 
shift register 


• 
16-bit parallel-out 
storage 
register 


• 
Recirculating 
serial 
shifting 


• 
Recirculating 
parallel 
transfer 


• 
Common 
serial data 
I/O 
pin 


• 
Slim 24 lead package 


90 10211 
00 


90 10212 
01 
°2 
°3 
° 
4 
°5 
°6 
0] 
°8 
°9 
°10 


°11 


°12 


°13 
°14 
26,3,4025 90 10226 
015 


I 
II. 
" 
••••••• 1:11•••••••••••. 
. .....__.~..... _ ..- 


for DIP, SOIC and Flatpak 
for LCC 


°2°1 
00 NC SI/O 
STCP STMR 
cs 
1 
24 
Vcc 
1TIJ1lQI[[][§]IIJ[§J[I] 
SHCP 
2 
25 
°15 


R/W 
5 
22 
°14 
rn R/W 
STMR 
4 
21 
013 
03 I!lI 


STCP 
5 
20 
°12 
04 Iill 
rn SHCP 


SI/O 
6 
19 
°Il 
GND IBI 
rn CS 


°0 
7 
18 
°10 
NC ij]) 
OJ NC 


°1 
8 
17 
°9 
°5 ij]) 
@I Vcc 


°2 
9 
16 
°8 
06 fflJ 
IllJ015 


°3 
10 
15 
°7 
°7 ij]J 
1m 014 
°4 
11 
14 
°6 


GND 
12 
15 
°5 
[j]]~InlIlll~~~ 
TL/F/9585-2 
08 
09 010 NC °11°12°13 
TLIF/9585-3 


54F/74F 


Pin Names 
Description 
U.L. 
Input 
IIH/IIL 


HIGH/LOW 
Output 
IOH/IOL 


CS 
Chip Select 
Input (Active 
LOW) 
1.0/1.0 
20 )LA/-0.6 
mA 


SHCP 
Shift Clock Pulse Input (Active 
Falling Edge) 
1.0/1.0 
20 )LA/-0.6 
mA 


STMR 
Store Master 
Reset Input (Active 
LOW) 
1.0/1.0 
20 )LA/-0.6 
mA 


STCP 
Store Clock Pulse Input 
1.0/1.0 
20 )LA/-0.6 
mA 


R/W 
Read/Write 
Input 
1.0/1.0 
20 )LA/-0.6 
mA 


SI/O 
Serial Data Input or 
3.5/1.0 
70 )LA/-0.6 
mA 


TRI-STATE 
Serial Output 
150/40 
(33.3) 
-3 
mA/24 
mA (20 mAl 
00-015 
Parallel Data Outputs 
50/33.3 
-1 
mA/20mA 


Functional Description 


The 
16-bit 
shift 
register 
operates 
in one of four modes, 
as 
indicated 
in the 
Shift 
Register 
Operations 
Table. 
A HIGH 
signal 
on the Chip Select 
(CS) input prevents 
clocking 
and 
forces 
the SeriallnputlOutput 
(SI/O) 
TRI-STATE 
buffer into 
the high impedance 
state. 
During serial shift-out 
operations, 


the SI/O 
buffer 
is active 
(Le., enabled) 
and the output 
data 
is also recirculated 
back into the shift register. 
When parallel 
loading 
the 
shift 
register 
from 
the 
storage 
register, 
serial 
shifting 
is inhibited. 


The 
storage 
register 
has 
an 
asynchronous 
master 
reset 
(STMR) 
input that overrides 
all other 
inputs 
and forces 
the 
00-015 outputs 
LOW. The storage 
register 
is in the 
Hold 
mode 
when 
either 
CS or the 
Read/Write 
(R/W) 
input 
is 
HIGH. With CS and R/W 
both 
LOW, the storage 
register 
is 
parallel 
loaded 
from the shift register. 


Control 
Inputs 
SilO 
Operating 
Mode 
CS 
R/W 
SHCP 
STCP 
Status 


H 
X 
X 
X 
HighZ 
Hold 


L 
L 
X 
Data In 
Serial Load 


L 
H 
'- 
L 
Data Out 
Serial Output 


with Recirculation 


L 
H 
'- 
H 
Active 
Parallel 
Load; 


No Shifting 


H ~ 
HIGH Vo~age Level 


L ~ LOW Voltage Level 


X = Immaterial 
"'- 
~ HIGH-to-LOW 
Transition 


Control 
Inputs 
Operating 


STMR 
CS 
R/W 
STCP 
Mode 


L 
X 
X 
X 
Reset; Outputs 
LOW 


H 
H 
X 
X 
Hold 


H 
X 
H 
X 
Hold 


H 
L 
L 
-./ 
Parallel Load 


H ~ 
HIGH Vollage 
Level 


L - 
LOW Voltage Level 


X = Immaterial 
./ 
- 
LOW-Ie-HIGH 
Transition 


PE 
PO-P15 
DO 
°15 
SI/O 


SHIFT REGISTER 


SHCP 
CP 
°0-°15 


R!W 


16 
16 


00-0,5 


STORAGE REGISTER 
CP 
STCP 
t.lR 
°0-°15 


STt.lR 


16 


°0-°15 


Tl/F/958S-S 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-55·Cto 
+175·C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+4.5Vto 
+5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 


TRI-STATE 
Output 
- 0.5V to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.6 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -16 
mA (Non I/O pins) 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA (an. SI/O) 


Voltage 
54F 10% Vcc 
2.4 
10H = -3 
mA (SI/O) 


74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA (an. SI/O) 


74F 10% Vcc 
2.4 
10H = -3 
mA (SI/O) 


74F5% 
Vcc 
2.7 
10H = -1 
mA (an. SI/O) 


74F5% 
Vcc 
2.7 
10H = -3 
mA (SI/O) 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
10L = 20 mA (All outputs) 


Voltage 
74F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA (an) 


74F 10% Vcc 
0.5 
10L = 24 mA (SI/O) 


IIH 
Input HIGH Current 
20 
J.LA 
Max 
VIN = 2.7V (Non I/O pins) 


IBVI 
Input HIGH Current 
100 
J.LA 
Max 
VIN = 7.0V (Non I/O pins) 


Breakdown 
Test 


IBVIT 
Input HIGH Current 
1.0 
mA 
Max 
VIN = 5.5V (SI/O) 


Breakdown 
Test (I/O) 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


IIH + 
Output 
Leakage 
Current 
70 
J.LA 
Max 
VOUT = 2.7V (SI/O) 
10lH 


IlL + 
Output 
Leakage 
Current 
-650 
J.LA 
Max 
VOUT = 0.5V (SI/O) 
lOlL 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICEX 
Output 
HIGH Leakage 
Current 
250 
J.LA 
Max 
VOUT = Vcc 


III 
Bus Drainage 
Test 
500 
J.LA 
O.OV 
VOUT = 5.25V 


tCCH 
Power Supply Current 
114 
172 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
114 
172 
mA 
Max 
Vo = LOW 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
CL = SOpF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


fmax 
Maximum 
Clock Frequency 
100 
130 
85 
MHz 
2-1 


tpLH 
Propagation 
Delay 
3.0 
8.0 
10.5 
2.5 
12.0 
2-3 
ns 
tPHL 
STCPtoQn 
3.0 
10.5 
13.5 
2.5 
15.0 


tpHL 
Propagation 
Delay 
6.0 
16.5 
20.5 
5.5 
22.5 
ns 
2-3 
STMRto 
Qn 


tpLH 
Propagation 
Delay 
4.0 
6.5 
8.5 
3.5 
9.5 


tpHL 
SHCPtoSl/O 
4.5 
8.0 
10.5 
4.0 
12.0 
ns 
2-3 


tpZH 
Output 
Enable Time 
5.0 
8.5 
11.0 
4.0 
12.5 


tpZL 
CS to SilO 
5.5 
9.0 
11.5 
4.5 
13.0 
2-5 
ns 


tpHZ 
Output 
Disable Time 
3.5 
5.5 
7.5 
3.0 
8.5 


tpLZ 
CStoSI/O 
3.0 
4.5 
6.5 
2.5 
7.5 


tpZH 
Output 
Enable Time 
4.5 
7.5 
9.5 
4.0 
10.5 


tpZL 
R/WtoSl/O 
4.5 
8.0 
10.0 
4.0 
11.5 
ns 
2-5 


tpHZ 
Output 
Disable Time 
3.0 
5.5 
7.0 
2.5 
8.0 


tpLZ 
R/WtoSl/O 
2.5 
4.0 
5.5 
2.0 
6.5 


AC Operating Requirements: 
See Section 
2 for Waveforms 


54F/74F 
54F 
74F 


Symbol 
Parameter 
TA = +25'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Min 
Max 
Min 
Max 
Min 
Max 


ts(H) 
Setup Time, HIGH or LOW 
3.5 
4.0 


ts(L) 
CS or R/W to STCP 
6.0 
7.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
0 
0 


th(L) 
CS or R/W to STCP 
0 
0 


ts(H) 
Setup Time, HIGH or LOW 
3.0 
3.5 


ts(L) 
Sl/OtoSHCP 
3.0 
3.5 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
3.0 
3.5 
th(L) 
Sl/OtoSHCP 
3.0 
3.5 
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54F/74F675A 
16-Bit Serial-In, Serial/Parallel-Out 
Shift Register 


General Description 


The 'F675A 
contains 
a 16-bit serial in/serial 
out shift regis- 
ter and a 16-bit parallel 
out storage 
register. 
Separate 
serial 


input and output 
pins are provided 
for expansion 
to longer 
words. 
By means 
of a separate 
clock, 
the contents 
of the 
shift 
register 
are transferred 
to the 
storage 
register. 
The 
contents 
of the storage 
register 
can also 
be loaded 
back 


into 
the 
shift 
register. 
A HIGH 
signal 
on the 
Chip 
Select 
input prevents 
both shifting 
and parallel 
loading. 


Features 


• 
Serial-to-parallel 
converter 


• 
16-Bit serial 
I/O 
shift register 


• 
16-Bit parallel 
out storage 
register 


• 
Recirculating 
parallel 
transfer 


• 
Expandable 
for longer 
words 


• 
Slim 24 lead package 
• 
'F675A 
version 
prevents 
false 
clocking 
through 
CS or 
R/W 
inputs 


Ordering Code: 
See Section 
5 


Logic Symbols 


Pin Assignment 
for DIP, SOIC 
and Flatpak 


cs 
1 
24 
Vcc 


SHCP 
2 
23 
0'5 
R/W 
3 
22 
0'4 
SI 
4 
21 
0'3 


STCP 
5 
20 
012 


SO 
6 
19 
011 


00 
7 
18 
010 


0, 
8 
17 
O. 


02 
9 
16 
08 


03 
10 
15 
07 


O. 
11 
14 
06 


GND 
12 
13 
05 


TL/F/9587-2 


Pin Assignment 
for LCC 


031IlJ 
[!]R/W 
0.1f] 
[I] SHCP 


GND~ 
mcs 


NC If] 
II] HC 
as [§) 
~ 
Vcc 
061IZJ 
IllIa,s 
071j]J 
~o,. 
~JOIOI{Jl[JlOO'" 


1j]J1m[ljJ~I~H~~ 
08 O. 0'0 HC 0" 012 0'3 


TL/F/9587-3 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 


HIGH/LOW 
Output 
IOH/IOL 


SI 
Serial Data Input 
1.0/1.0 
20 ,..,A/-0.6 
mA 


CS 
Chip Select 
Input (Active 
LOW) 
1.0/1.0 
20 ,..,A/-0.6 
mA 


SHCP 
Shift Clock Pulse Input (Active 
Falling Edge) 
1.0/1.0 
20 ,..,A/- 
0.6 mA 


STCP 
Store Clock Pulse Input (Active 
Rising Edge) 
1.0/1.0 
20 ,..,A/-0.6 
mA 


R/IN 
Read/Write 
Input 
1.0/1.0 
20 ,..,A/-0.6 
mA 


SO 
Serial Data Output 
50/33.3 
-1 
mA/20mA 
00-015 
Parallel Data Outputs 
50/33.3 
-1 
mA/20mA 


Functional Description 


The 
16-8it 
shift 
register 
operates 
in one of four modes, 
as 
determined 
by the signals 
applied 
to the Chip Select 
(CS), 


Read/Write 
(R/IN) 
and 
Store 
Clock 
Pulse 
(STCP) 
input. 


State changes 
are indicated 
by the falling 
edge of the Shift 
Clock Pulse (SHCP). In the Shift Right mode, data enters 
Do 
from 
the 
Serial 
Input 
(SI) pin and 
exits 
from 
015 via the 
Serial Data Output 
(SO) pin. In the Parallel 
Load mode, data 
from the storage 
register 
outputs 
enter the shift register 
and 
serial shifting 
is inhibited. 


The storage 
register 
is in the Hold mode when 
either CS or 
R/IN 
is HIGH. 
With 
CS and 
R/IN 
both 
LOW, 
the 
storage 
register 
is parallel 
loaded from the shift register 
on the rising 
edge of STCP. 


To prevent 
false clocking 
of the shift register, 
SHCP should 
be in the LOW state during a LOW-to-HIGH 
transition 
of CS. 


To 
prevent 
false 
clocking 
of 
the 
storage 
register, 
STCP 
should 
be LOW 
during 
a HIGH-to-LOW 
transition 
of CS if 
R/IN 
is LOW, and should 
also 
be LOW during 
a HIGH-to- 
LOW transition 
of R/IN 
if CS is LOW. 


Control 
Inputs 
Operating 


CS 
R/IN 
SHCP 
STCP 
Mode 


H 
X 
X 
X 
Hold 


L 
L 
"-- 
X 
Shift Right 


L 
H 
"-- 
L 
Shift Right 


L 
H 
"-- 
H 
Parallel Load, 


No Shifting 


Inputs 
Operating 


CS 
R/IN 
STCP 
Mode 


H 
X 
X 
Hold 


L 
H 
X 
Hold 


L 
L 
.../ 
Parallel 
Load 


H ~ 
HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
....r = LOW-Ie-HIGH 
Transition 


""""'- 
= HIGH-Ie-LOW 
Transition 


TL/F/9587-4 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Office/Distributors 
for availability 
and specifications. 
.. -- . ........ _.- 
_ .. 
_ ...•... ----- 


Military 
- 55·C to + 125·C 
Storage 
Temperature 
-65·C 
to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-55·C 
to + 175·C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 


Standard 
Output 
-0.5VtoVcc 


TRI-STATEG!> Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
'OH = -1 
mA 


74F5% 
Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
VIN = 2.7V 


Current 
74F 
5.0 
p.A 
Max 


levi 
Input HIGH Current 
54F 
100 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 
p.A 
Max 


ICEX 
Output 
HIGH 
54F 
250 
VOUT = Vcc 


Leakage 
Current 
74F 
50 
p.A 
Max 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.9 p.A 


Test 
All Other Pins Grounded 


10D 
Output 
Leakage 
74F 
3.75 
p.A 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
106 
160 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
106 
160 
mA 
Max 
Vo = LOW 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
54F 
74F 


TA = +25'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
CL = 50pF 
CL = 50pF 
Units 
No. 
CL = 50 pF 


Mln 
Typ 
Max 
Min 
Max 
Mln 
Max 


fmax 
Maximum 
Clock Frequency 
100 
130 
85 
MHz 
2-1 


tpLH 
Propagation 
Delay 
3.0 
8.0 
10.5 
2.5 
12.0 
2-3 
ns 
tpHL 
STCPto 
Qn 
3.0 
10.5 
13.5 
2.5 
15.0 


tpLH 
Propagation 
Delay 
4.0 
7.0 
9.5 
3.5 
10.5 
2-3 
SHCP to SO 
4.5 
8.0 
10.5 
4.0 
12.0 
ns 
tpHL 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
54F 
74F 


Symbol 
Parameter 
TA = +25'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +5.0V 
No. 


Mln 
Max 
Mln 
Max 
Mln 
Max 


ts(H) 
Setup Time, HIGH or LOW 
3.5 
4.0 


ts(L) 
CS or R/W to STCP 
5.5 
6.5 


I 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
0 
0 


th(L) 
CS or R/W to STCP 
0 
0 


ts(H) 
Setup Time, HIGH or LOW 
3.0 
3.5 


ts(L) 
SI toSHCP 
3.0 
3.5 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
3.0 
3.5 


th(L) 
SI toSHCP 
3.0 
3.5 


ts(H) 
Setup Time, HIGH or LOW 
6.5 
7.5 


ts(L) 
R/Wto 
SHCP 
9.0 
10.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
0 
0 


th(L) 
R/WtoSHCP 
0 
0 


ts(H) 
Setup Time, HIGH or LOW 
7.0 
8.0 


ts(L) 
STCPtoSHCP 
7.0 
8.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
0 
0 


th(L) 
STCPtoSHCP 
0 
0 


ts(H) 
Setup Time, HIGH or LOW 
3.0 
3.5 


ts(L) 
CSto 
SHCP 
3.0 
3.5 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
3.0 
3.5 
th(L) 
CStoSHCP 
3.0 
3.5 


tw(H) 
SHCP Pulse Width 
5.0 
6.0 


tw(L) 
HIGH or LOW 
5.0 
6.0 
ns 
2-4 
tw(H) 
STCP Pulse Width 
6.0 
7.0 
tw(L) 
HIGH or LOW 
5.0 
6.0 


ts(L) 
SHCPtoSTCP 
8.0 
9.0 
ns 
2-6 


th(H) 
SHCPtoSTCP 
0.0 
0.0 
ns 
2-6 
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54F/74F676 
16-Bit Serial/Parallel-In, 
Serial-Out Shift Register 


General Description 


The 'F676 
contains 
16 flip-flops 
with provision 
for synchro- 
nous 
parallel 
or serial 
entry 
and 
serial 
output. 
When 
the 
Mode 
(M) input is HIGH, information 
present 
on the parallel 
data 
(PO-P1S) 
inputs 
is entered 
on the falling 
edge 
of the 
Clock Pulse (CP) input signal. When M is LOW, data is shift- 
ed out of the most significant 
bit position 
while 
information 
present 
on the Serial 
(SI) input shifts 
into the least 
signifi- 
cant 
bit position. 
A HIGH 
signal 
on the 
Chip 
Select 
(CS) 
input prevents 
both parallel 
and serial operations. 


Features 


• 
16-bit parallel-to-serial 
conversion 


• 
16·bit serial-in, 
serial-out 


• 
Chip select 
control 


• 
Slim 24 lead 300 mil package 


Ps 


P6 


P7 


Pg 


Pg 


PIO 


P11 


PI2 


P13 


PI' 


P,S 
2,30 


51 
I 3D 


54F174F 


Pin Names 
Description 
U.L. 
Input'IH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


PO-P15 
Parallel 
Data Inputs 
1.0/1.0 
20 1'-A/-0.6 
mA 


CS 
Chip Select 
Input (Active 
LOW) 
1.0/1.0 
20 1'-A/-0.6 
mA 


CP 
Clock Pulse Input (Active 
LOW) 
1.0/1.0 
20 1'-A/-0.6 
mA 


M 
Mode Select 
Input 
1.0/1.0 
20 1'-A/-0.6 
mA 


SI 
Serial Data Input 
1.0/1.0 
20 1'-A/-0.6 
mA 


SO 
Serial Output 
50/33.3 
-1 
mA/20mA 


Functional Description 


The 16-bit shift register 
operates 
in one of three 
modes, 
as 
indicated 
in the Shift Register 
Operations 
Table. 


HOLD-a 
HIGH 
signal 
on the Chip Select 
(CS) input 
pre- 
vents 
clocking, 
and data is stored 
in the sixteen 
registers. 


Shift/Serial 
Load---data 
present 
on the 
Sl pin shifts 
into 
the register 
on the falling 
edge 
of CPo Data enters 
the 00 
position 
and shifts toward 
015 on successive 
clocks, 
finally 
appearing 
on the SO pin. 


Parallel 
Load---data 
present 
on 
PO-P15 
are entered 
into 
the register 
on the falling 
edge of CPo The SO output 
repre- 
sents 
the 015 register 
output. 


To prevent 
false clocking, 
CP must be LOW during 
a LOW- 
to-HIGH 
transition 
of CS. 


Control 
Input 
Operating 
Mode 
CS 
M 
CP 


H 
X 
X 
Hold 


L 
L 
"- 
Shift/Serial 
Load 


L 
H 
"- 
Parallel 
Load 


H ~ 
HIGH Voltage Level 
L ~ LOW Voltage Level 


X = Immaterial 
"- 
= HIGH-ta-lOW 
Transition 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for 
availability 
and 
specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+4.5Vto 
+5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-O.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 


TRI-STATE«> Output 
- 0.5V to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged 
or have its useful life impaired. 
Functional 
operation 
under 


these conditions 
is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
'OH = -1 
mA 


74F5% 
Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
VIN = 2.7V 


Current 
74F 
5.0 
J-LA 
Max 


IBVI 
Input HIGH Current 
54F 
100 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 
J-LA 
Max 


'CEX 
Output 
HIGH 
54F 
250 
Your 
= Vcc 


Leakage 
Current 
74F 
50 
J-LA 
Max 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
liD = 1.9 J-LA, 


Test 
All Other Pins Grounded 


laD 
Output 
Leakage 
74F 
3.75 
J-LA 
0.0 
VIOD = 150 mY, 


Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
Your 
= OV 


Icc 
Power Supply Current 
72 
mA 
Max 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
54F 
74F 


TA = +25°C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
CL = 50 pF 
CL = 50 pF 
Units 
No. 
CL = 50pF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


fmax 
Maximum 
Clock Frequency 
100 
110 
45 
90 
MHz 
2-1 


tpLH 
Propagation 
Delay 
4.5 
9.0 
11.0 
4.5 
17.0 
4.5 
12.0 
2-3 
CPtoSO 
5.0 
13.5 
ns 
tpHL 
5.0 
9.0 
12.5 
5.0 
14.5 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
54F 
74F 


Symbol 
Parameter 
TA = +25°C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +5.0V 
No. 


Min 
Max 
Min 
Max 
Min 
Max 


ts(H) 
Setup Time, HIGH or LOW 
4.0 
4.0 
4.0 


ts(L) 
SltoCP 
4.0 
4.0 
4.0 
2-6 
ns 
th(H) 
Hold Time, HIGH or LOW 
4.0 
4.0 
4.0 


th(L) 
SltoCP 
4.0 
4.0 
4.0 


ts(H) 
Setup Time, HIGH or LOW 
3.0 
3.0 
3.0 


ts(L) 
Pn to CP 
3.0 
3.0 
3.0 
2-6 
ns 
th(H) 
Hold Time, HIGH or LOW 
4.0 
4.0 
4.0 


th(L) 
Pn to CP 
4.0 
4.0 
4.0 


ts(H) 
Setup Time, HIGH or LOW 
8.0 
8.0 
8.0 


ts(L) 
MtoCP 
8.0 
8.0 
8.0 
2-6 
ns 
th(H) 
Hold Time, HIGH or LOW 
2.0 
2.0 
2.0 
th(L) 
MtoCP 
2.0 
2.0 
2.0 


ts(L) 
Setup Time, LOW 
10.0 
12.0 
10.0 
CStoCP 
ns 
2-6 


th(H) 
Hold Time, HIGH 
10.0 
10.0 
10.0 
CS to CP 


tw(H) 
CP Pulse Width 
4.0 
5.0 
4.0 
tw(L) 
HIGH or LOW 
6.0 
9.0 
6.0 
ns 
2-4 


• 
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54F/74F779 
8-Bit Bidirectional Binary Counter 
with TRI-STATE® Outputs 


General Description 


The 'F779 
is a fully synchronous 
8-stage 
up/down 
counter 
with 
multiplexed 
TRI-STATE 
I/O 
ports for bus-oriented 
ap- 
plications. 
All control 
functions 
(hold, count 
up, count down, 


synchronous 
load) are controlled 
by two mode pins (So, 51). 
The device 
also features 
carry lookahead 
for easy cascad- 
ing. All state changes 
are initiated 
by the rising edge of the 
clock. 


Features 


• 
MUltiplexed 
TRI-STATE 
I/O 
ports 


• 
Built-in 
lookahead 
carry capability 


• 
Count 
frequency 
100 MHz typ 


• 
Supply 
current 
80 mA typ 


TLiF/9593-1 


IEEE/IEC 


CTRDIV256 
So 
~}o ~C 
HELDHIGJ 
S, 
DOWN 
M- 
UP 
3 HOLD 
crT 
EN4 
CP 
2+/C5 
,- 
DE 
EN6 


(,) 
1/°0 


(2) 
I/0, 


(4) 
1/°2 


(8) 
1/°3 


(16) 
I/0, 


(32) 
1/°5 


(64) 
1/°6 


('28) 
1/°7 


Tc 


TLIF/9593-5 


Connection 
Diagrams 


Pin Assignment 
Pin Assignment 
for DIP, SOIC and FJatpak 
for LCC and PCC 


1/031/02 
He 1/0,1/00 
I/O, 
'6 
1/°0 
[§][I][IJrn0 


1/02 
2 
15 
CP 


1/03 
3 
14 
ffi 
GND []] 
[II CP 
GND 
4 
13 
Vcc 


1/04 
5 
12 
fC 
1/04 II.QJ 
I1J CET 


1/05 
6 
11 
50 
NC [j] 
[JJ NC 


1/06 
7 
10 
5, 
I/Os []}I 
~vCC 


1/07 
8 
9 
DE 
1/06 [j] 
[IDfC 


TL/F/9593-2 
/j]§]Iffi[Z][j]J 


I/~ 
OE NC 
5, 
So 


TL/F/9593-3 
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54F/74F784 
8-Bit Serial/Parallel 
Multiplier with Adder/Subtractor 


General Description 


The 'F784 
is an 8-bit by 1-bit sequential 
logic element 
that 
multiplies 
two 
numbers 
represented 
in twos 
complement 
notation. 
The device 
implements 
Booth's 
algorithm 
internal- 


ly to produce 
a twos 
complement 
product 
that 
needs 
no 
subsequent 
correction. 
In addition 
to the serial product 
out- 


put (SP), an S ± B output 
is obtained 
with an internal 
adder/ 


subtractor 
stage which adds a B bit to the SP product. 
Paral- 


lel inputs 
accept 
and 
store 
an 8-bit 
multiplicand 
(Xo-X?). 


The 
add/subtract 
(A/S), 
Bn and 
Bn-l 
inputs 
control 
the 
internal 
adder/subtractor 
stage. The multiplier 
word 
is then 
applied 
to the Y input in a serial bit stream, 
least significant 
bit first. The product 
is clocked 
out at the SP output 
and the 
product 
± B at the S ± B output 
delayed 
by one clock 
cycle. 


Both appear 
least significant 
bit first. 


The K input is used for expansion 
to longer 
X words, 
using 
two or more 'F784 
devices 
by connecting 
the output 
(SP) of 


one 
device 
to the 
K input 
of the 
other 
device. 
The 
Mode 
Control 
(M) input 
is used to establish 
the 
most 
significant 
device. 
An asynchronous 
Parallel 
Load (PL) input clears the 
internal 
flip-flops 
to the start 
condition 
and enables 
the X 
latches 
to accept 
new multiplicand 
data. The Parallel 
Load 
(PL) also clears 
the outputs 
(SP and S ± B). 


Features 


• 
Twos 
complement 
multiplication 


• 
8-bit by 1-bit sequential 
logic element 


• 
Includes 
product 
output 
(SP) 
and 
product 
± B output 
(S±B) 


• 
Parallel 
inputs 
accept 
and 
store 
an 
8-bit 
multiplicand 
(Xo-X?) 


• 
K input is used for expansion 
to longer 
X words 


• 
Combines 
the 'F384 
and 'F385 
in one chip 


Pin Assignment 
Pin Assignment 
for DIP and SOIC 
for LCC 


B~I 


~B 
SP Xo x, ~ 
20 
Vcc 
rnmmrn0 
Pc 
19 
V 


X, 
lB 
X. 
,000rn., 


X2 
17 
X, 
GNDf@I 
mPi: 


X, 


" 
X. 
W[!] 
mBn-1 


Xo 
15 
X, 
K Jj]J 
I1QIVcc 
SP 
14 
B, 
A/S (j] 
[jIDY 


~B 
B 
13 
Als 


CP 
9 
12 
K 
1!]J[IDlrnffZJ[jID 


GND 
10 
11 " 


B, X, X. X, X. 


TLlF110230-3 


Pin 
Description 
54F/74F 
(U.L.) 
IIH/IIL 
Names 
High/Low 
IOH/IOL 


CP 
Clock Pulse Input (Active 
Rising Edge) 
1.0/1.0 
20 JJ-A/-0.6 
mA 
K 
Serial 
Expansion 
Input 
1.0/1.0 
20 JJ-A/-0.6 
mA 
M 
Mode Control 
Input 
1.0/1.0 
20 JJ-A/-0.6 
mA 
PL 
Asynchronous 
Parallel 
Load Input (Active 
LOW) 
1.0/2.0 
20 JJ-A/-1.2 
mA 


XO-X? 
Multiplicand 
Data Inputs 
1.0/1.0 
20 JJ-A/- 0.6 mA 


Y 
Serial Multiplier 
Input 
1.0/1.0 
20 JJ-A/- 0.6 mA 
A/S 
Add/Subtract 
1.0/1.0 
20 JJ-A/-0.6 
mA 
Bn 
Serial B Input 
1.0/1.0 
20 JJ-A/-0.6 
mA 
Bn-l 
Delayed 
Serial B Input 
1.0/1.0 
20 JJ-A/-0.6 
mA 
S±B 
Serial X • Y ± B Output 
50/33.3 
-1 
mA/20mA 
SP 
Serial X • Y Product Output 
50/33.3 
-1 
mA/20mA 


Functional Description 


The 'F784 
is a serial-parallel 
8-bit multiplier. 
Also included 
is 
of the Y word (operand) 
into the input registers. 
At this time 


an 
adder/subtractor 
stage. 
The 
X word 
(multiplicand) 
is 
there 
is no valid data at the SP output 
so that B bits added 
loaded 
into 
a 
register 
while 
simultaneously 
clearing 
the 
will not give the correct 
sum output. 
In order to load the first 


arithmetic 
cell flip-flops 
in preparation 
for a multiplication. 
B bit on the same clock 
as X and Y, a Bn -1 input is provid- 


The Y word (multiplier) 
is clocked 
in serially. 
(See Figure A ). 
ed which delays the B data by one clock cycle. Thus, a valid 


Expansion 
capability 
is provided 
via the M and K inputs. The 
output 
results. 


K (cascade) 
input is connected 
to the So output 
of the more 
significant 
chip. 
The 
M (mode) 
input 
is used to determine 
Inputs 
Function 
whether 
the mUltiplicand 
is to be treated 
as a two's comple- 
AlS 
Bn 
Bn-1 
ment or unsigned 
number. 


L 
H 
Cn 
Add Cn to product 
(Cn loaded at 
The 'F784 
has logic to enable 
complex 
arithmetic 
to be per- 
formed. 
A serial 
adder/subtractor 
enables 
constants 
to be 
the same time as Y n) 


added to the product. 
Typically 
this feature 
would be used in 
L 
Cn 
H 
Add Cn to product 
(Cn must be 
FFT butterfly 
networks 
to reduce 
package 
count and power. 
delayed 
one clock cycle) 


Two outputs 
are provided: 
the product 
XY and the product 
H 
H 
Cn 
Subtract 
Cn from product 
(Cn 


XY ± B. Because 
of the internal 
adder/ subtractor, 
a speed 
loaded at the same time as Yn) 
advantage 
is gained when using the 'F784 over using a sep- 


arate 
adder 
and mUltiplier 
chip. (Refer 
to Figure 
B). 
H 
Cn 
H 
Subtract 
Cn from product 
(Cn 


During 
a multiplication 
operation, 
the 
first 
clock 
cycle 
is 
must be delayed 
one clock cycle) 


used to load both the X word 
(multiplicand) 
and the first bit 
L ~ 
LOW Voltage Level 
H ~ 
HIGH Voltage Level 
en = Constant 


Function 
Table 


Inputs 
Internal 
Outputs 
Function 
PL 
CP 
K 
M 
XI 
Y 
Ya-1 
SP 
S±B 


X 
X 
L 
L 
X 
X 
X 
X 
X 
Most Significant 
Multiplier 
Device 


X 
X 
CS 
H 
X 
X 
X 
X 
X 
Devices 
Cascaded 
in MUltiplier String 


L 
X 
X 
X 
OP 
X 
L 
L 
L 
Load New Multiplicand 
and Clear 


Internal 
Sum and Carry Registers 


H 
X 
X 
X 
X 
X 
X 
X 
X 
Device Enabled 


H 
t 
X 
X 
X 
L 
L 
P 
P±B 
Shift Sum Register 


H 
t 
X 
X 
X 
L 
H 
P 
P±B 
Add Multiplicand 
to Sum 


Register 
and Shift 


H 
t 
X 
X 
X 
H 
L 
P 
P±B 
Subtract 
Multiplicand 
from Sum 


Register 
and Shift 


H 
t 
X 
X 
X 
H 
H 
P 
P±B 
Shift Sum Register 


H - 
HIGH Voltage Level 
OP 
- 
Xi latches 
open 
for 
new 
data 
(i = 0-7) 
L ~ 
LOW Voltage Level 
P = Output as required 
per Booth's 
algorithm 
i ~LOW-to-HIGH 
Transition 
P ± B = 
Product 
± a constant 
(delayed 
one 
clock 
cycle) 
CS = Connected 
to SP output of high order device 
X = Immaterial 


•••••••• 
SlJII1lAC1Oll 
AND 
REGISTERS 
A, 


•..., 


'IS 
ADD 
SlJIlTRACT 


lJ'4 
tw(1} 
: 


I 
I 


So 
I 
tPLH 
1..- 
or 
: 
tpHL 


*='=1r 


I 
I 
I 


I 


I 


I 


I 
I 


I 


I 


I 
13 
X (5:tB)1 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Current 
Applied 
to Output 


please 
contact 
the 
National 
Semiconductor 
Sales 
in LOW State (Max) 
twice the rated 10L (mA) 


Office/Distributors 
for availability 
and specifications. 
Note 
1: Absolute maximum 
ratings are values beyond which the device may 


Storage 
Temperature 
- 65'C to + 150'C 
be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Ambient 
Temperature 
under Bias 
-55'C 
to + 125'C 
Note 
2: Either voltage 
limit or current limit is sufficient to protect 
inputs. 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 


Vcc 
Pin Potential 
Recommended 
Operating 


to Ground 
Pin 
-0.5Vto 
+7.0V 
Conditions 
Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 
Free Air Ambient 
Temperature 
Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 
Military 
-55'C 
to + 125'C 


Voltage 
Applied 
to Output 
Commercial 
O'Cto 
+70'C 


in HIGH State 
(with Vcc = OV) 
Supply 
Voltage 
Standard 
Output 
-0.5VtoVcc 
Military 
+ 4.5V to + 5.5V 
TRI-STATE@Output 
-0.5V 
to + 5.5V 
Commercial 
+ 4.5V to + 5.5V 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
, 
0.8 
V 
Recognized 
as a LOW Signal 


Vco 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F5% 
Vcc 
2.7 
10H = -1 
mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vcc 
0.5 
10L = 20 mA 


IIH 
Input HIGH 
54F 
20.0 
I-'A 
Current 
74F 
5.0 
Max 
VIN = 2.7V 


IBVI 
Input HIGH Current 
54F 
100 
I-'A 
Breakdown 
Test 
74F 
7.0 
Max 
VIN = 7.0V 


ICEX 
Output 
HIGH 
54F 
250 


Leakage 
Current 
74F 
50 
I-'A 
Max 
VOUT = Vcc 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.91-'A 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
I-'A 
0.0 
V,OO = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V (Except 
PL) 


-1.2 
mA 
Max 
VIN = 0.5V (PL) 


105 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


Icc 
Power Supply Current 
70 
100 
mA 
Max 
Vo = HIGH 


AC Characteristics: 
See Section 2 for Waveforms 
and load 
Configurations 


S4F174F 
S4F 
74F 


TA = +2SoC 
TA. Vcc = 
TA. Vcc = 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Mil 
Com 
Units 
No. 
CL = 50 pF 
CL = SOpF 
CL = SOpF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


fmax 
Maximum 
Clock Frequency 
50 
65 
50 
MHz 
2-1 


tpHL 
Propagation 
Delay 
6.0 
10.0 
13.0 
5.0 
14.5 
ns 
2-3 
Pl toSP 


tpHL 
Propagation 
Delay 
5.5 
9.5 
12.0 
4.5 
13.5 
ns 
2-3 
PLloS 
±B 


tpLH 
Propagation 
Delay 
4.0 
6.5 
9.0 
3.5 
10.0 
2-3 
ns 
tpHL 
CPtoSP 
4.5 
8.0 
10.5 
4.0 
12.0 


tpLH 
Propagation 
Delay 
4.0 
7.0 
9.0 
3.5 
10.0 
2-3 
ns 
tpHL 
CPtoS±B 
4.0 
7.0 
9.0 
3.5 
10.0 


AC Operating Requirements: 
See Section 2 for Waveforms 


S4F174F 
S4F 
74F 


Symbol 
Parameter 
TA = +2SoC 
TA. Vcc = 
TA. Vcc = 
Units 
Fig. 
Vcc = +S.OV 
Mil 
Com 
No. 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


ts(H) 
Setup Time, HIGH or lOW 
9.0 
10.0 
ls(l) 
KtoCP 
9.0 
10.0 
2-6 
ns 
th(H) 
Hold Time, HIGH or lOW 
2.0 
2.0 
th(l) 
KtoCP 
2.0 
2.0 


ts(H) 
Setup Time, HIGH or lOW 
15.0 
15.0 
ts(l) 
YtoCP 
15.0 
15.0 
2-6 
ns 
th(H) 
Hold Time, HIGH or lOW 
2.0 
2.0 
th(l) 
YtoCP 
2.0 
2.0 


ts(H) 
Setup Time, HIGH or lOW 
3.0 
4.0 
ts(l) 
XtoPl 
6.0 
7.0 
2·6 
ns 
th(H) 
Hold Time, HIGH or lOW 
2.0 
2.0 
th(l) 
XtoPl 
4.0 
4.0 


ts(H) 
Setup Time, HIGH or lOW 
7.0 
8.0 


ts(l) 
BntoCP 
7.0 
8.0 
2-6 
ns 
th(H) 
Hold Time, HIGH or lOW 
0 
0 
th(l) 
Bn to CP 
0 
0 


ts(H) 
Setup Time, HIGH or lOW 
12.0 
13.0 
ts(l) 
AlStoCP 
12.0 
13.0 
2-6 
ns 
th(H) 
Hold Time, HIGH or lOW 
0 
0 
th(l) 
AlStoCP 
0 
0 


ts(H) 
Setup Time, HIGH or lOW 
5.0 
5.0 
ts(l) 
Bn-1 
toCP 
5.0 
5.0 
2-6 
ns 
th(H) 
Hold Time, HIGH or lOW 
1.0 
2.0 
th(l) 
Bn-1 toCP 
1.0 
2.0 


twILl 
Pl Pulse Width, 
lOW 
6.5 
7.0 
ns 
2-4 


tw(H) 
CP Pulse Width 
7.0 
7.0 
twILl 
HIGH or lOW 
7.0 
7.0 
ns 
2·4 


tree 
Recovery 
Time 
6.0 
10.0 
2-6 
Pl toCP 
ns 
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54F/74F794 
8-Bit Register with Readback 


General Description 


The 
'F794 
is an 8-bit 
register 
with 
readback 
capability 
de- 
signed 
to store data as well as read the register 
information 
back 
onto 
the 
data 
bus. 
The 
I/O 
bus 
(0 
bus) 
has 
TRI- 
STATE@ 
outputs. 
Current 
sinking 
capability 
is 64 
mA on 
both the 0 and 0 busses. 


Data is loaded into the registers 
on the low-to-high 
transition 
of the clock 
(CP). The output 
enable 
(OE) is used to enable 
data on 00-07. When OE is low, the output 
of the registers 
is enabled 
on 00-07, enabling 
0 as an output 
bus. When 


OE is high, 00-07 are inputs 
to the registers 
configuring 
0 
as an input bus. 


Features 


• 
TRI-STATE 
outputs 
on the I/O 
port 


• 
0 and 0 output 
sink capability 
of 64 mA 


• 
Guaranteed 
4000V 
minimum 
ESO protection 


• 
Functionally 
and pin equivalent 
to the 'LS794 


DE 


Do 
2 


D, 
3 


D2 
4 


D3 
5 


D4 
6 


Ds 
7 


D6 
8 


D7 
9 


GND 
10 


20 
Vcc 


19 
00 


18 
01 


17 
02 


16 
03 


15 
04 


14 
Os 


13 
06 


12 
07 


11 
CP 


Pin Names 
Description 
74F High/Low 


(U.L.) 
Current 


OE 
Output 
Enable Input 
1.0/1.0 
20 1'-A/-0.6 
mA 
CP 
Clock Pulse Inputs 
1.0/1.0 
20 I'-A/- 
0.6 mA 
00-07 
o Bus Inputs/ 
3.5/1.083 
70 I'-A/ - 650 I'-A 
TRI-STATE 
Outputs 
750/106.6 
-15mA/64mA 
00-07 
o Bus Outputs 
750/106.6 
-15mA/64mA 


Inputs 
Outputs 


CP 
OE 
Q 
0 


LorH 
or t 
L 
an 
Output. 
a 


LorH 
or t 
H 
an 
Input 
t 
L 
an 
Output. 
0* 


t 
H 
D 
Input 


,-----------------------------------------------, 
...• 
(Q~ 
Absolute Maximum Ratings 
(Note 1) 


If Military/Aerospace specified devices are required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors for availability and specifications. 


Storage 
Temperature 
- 65°C to + 150°C 


Ambient 
Temperature 
under Bias 
- 55° to + 125°C 


Junction 
Temperature 
under Bias 
-55°C 
to + 175°C 


VCC Pin Potential 
to Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 1: Absolute 
maximum 
ratings are values 
beyond 
which the device 
may 
be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current 
limit is sufficient 
to protect 
inputs. 


Voltage 
Applied 
to Output 
In HIGH State (with VCC = OV) 
Standard 
Output 
TRI-STATE 
Output 


Current 
Applied 
to Output 
in LOW State (Max) 


ESD Last Passing Voltage 
(Min) 


-0.5Vto 
Vcc 


- 0.5V to + 5.5V 


Twice the Rated 10L (mA) 


4000V 


Recommended 
Operating 
Conditions 


Free Air Ambient 
Temperature 
Military 
Commercial 


Supply 
Voltage 
Military 
Commercial 


- 55°C to + 125°C 
O°Cto 70°C 


+4.5V to + 5.5V 
+ 4.5V to + 5.5V 


DC Characteristics 
over Operating 
Temperature 
Range unless otherwise 
specified 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH 
2.0 
V 
Recognized 
as 


Voltage 
a HIGH Signal 


VIL 
Input LOW 
0.8 
V 
Recognized 
as 


Voltage 
a LOW Signal 


VCO 
Input Clamp 
-1.2 
V 
Min 
IIN = -18 
mA 


Diode Voltage 


VOH 
Output 
HIGH 
2.4 
2.8 
V 
10H = -3mA 


Voltage 
2.0 
2.44 
Min 
10H = -15mA 


VOL 
Output 
LOW 
0.45 
0.55 
V 
Min 
10L = 64 mA 


Voltage 


IIH 
Input HIGH 
54F 
20.0 
VIN = 2.7V 


Current 
74F 
5.0 
IJoA 
Max 


IBVI 
Input HIGH Current 
54F 
100 
VIN = 7.0V (OE, CP) 


Breakdown 
Test 
74F 
7.0 
IJoA 
Max 


IBVIT 
Input HIGH Current 
54F 
1.0 
VIN = 5.5V (Dn) 


Breakdown 
(I/O) 
74F 
0.5 
mA 
Max 


ICEX 
Output 
HIGH 
54F 
250 
VOUT = Vcc 
Leakage 
Current 
74F 
50 
IJoA 
Max 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.91JoA 


Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
IJoA 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW 
-0.6 
mA 
Max 
VIN = 0.5V 
Current 
(OE,CP) 
• 


DC Characteristics 
over Operating 
Temperature 
Range unless other specified 
CContinued) 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


los 
Output Short- 
-100 
-225 
mA 
Max 
VOUT = OV 


Circuit Current 


IIH + 
Output 
Leakage 
70 
I-'A 
Max 
VOUT = 2.7V 


10ZH 
Current 
CDn) 


IlL + 
Output 
Leakage 
-650 
I-'A 
Max 
VOUT = 0.5V 


10ZL 
Current 
(Dn) 


VID 
Input Leakage 
74F 
liD = 1.91-'A 


Test 
4.75 
V 
0.0 
All Other Pins 


Grounded 


10D 
Output Circuit 
74F 
VIOD = 150mV 


Leakage 
Current 
3.75 
I-'A 
0.0 
All Other Pins 


Grounded 


Izz 
Bus Drainage 
100 
I-'A 
0.0 
VOUT = 5.25V 


Test 


ICCH 
Power Supply Current 
65 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
80 
mA 
Max 
Vo = LOW 


Iccz 
Power Supply Current 
80 
mA 
Max 
Vo = HIGHZ 


AC Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
54F 
74F 


TA = +25°C 
TA. Vcc = 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
TA. Vcc = Mil 
Comm 
Units 


CL = 50 pF 
CL = 50pF 
No. 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


fMAX 
Max. Clock Frequency 
90 
90 
MHz 
2-1 


tpLH 
Propagation 
Delay 
2.5 
7.0 
2.5 
8.0 


tpHL 
CPtoQn 
2.5 
8.0 
2.5 
9.0 
ns 
2-3 


tpZH 
Output 
Enable Time 
2.3 
8.5 
2.0 
9.0 


tpZL 
2.0 
10.0 
2.0 
10.5 
ns 
2-5 


tpHZ 
Output 
Disable Time 
1.0 
7.0 
1.0 
8.0 


tpLZ 
1.0 
7.0 
1.0 
8.0 
ns 
2-5 


tsCH) 
Setup Time. HIGH or LOW 
4.0 
4.0 


tsCL) 
Bus to Clock 
4.0 
4.0 
ns 
2-6 


thCH) 
Hold Time. HIGH or LOW 
1.5 
1.5 


thCLl 
Bus to Clock 
1.5 
1.5 
ns 
2-6 


twCH 
Clock Pulse Width 
5.8 
5.8 
HIGH or LOW 
5.8 
5.8 
ns 
2-14 
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54F/74F821 
10-Bit D-Type Flip-Flop 


General Description 


The 'F821 
is a 10-bit Ootype flip-flop 
with TRI-STATE@ 
true 


outputs 
arranged 
in a broadside 
pinout. 
The 'F821 
is func- 
tionally 
and pin compatible 
with the AM D's Am29821. 


Features 


• 
TRI-STATE 
Outputs 


• 
Direct 
replacement 
for AMO's 
Am29821 


Pin Assignment 
for DIP, SOIC and Flatpak 


OE 
1 
24 
Vcc 


DO 
2 
23 
°0 
OE 
0, 
3 
22 
°1 
CP 
O2 
4 
21 
°2 


OJ 
5 
20 
OJ 


D. 
6 
19 
0. 
TLIF/9595-1 
Os 
18 
Os 


06 
17 
°6 
IEEE/IEC 
~ 
9 
16 
°7 


OE 
Os 
10 
15 
Os 


CP 
09 
11 
14 
°9 


GHO 
12 
13 
CP 
DO 
°0 
0, 
°1 
TL/F/9S9S-2 


O2 
°2 


OJ 
OJ 


D. 
0. 


Os 
Os 


06 
°6 
~ 
°7 


Os 
Os 


09 
°9 


TLlF/9595-5 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/lOW 
Output 
IOH/IOL 


00-09 
Data Inputs 
1.0/1.0 
2OfLA/-0.6mA 
OE 
Output 
Enable 


TRI-STATE 
Input 
1.0/1.0 
20 fLA/-0.6 
mA 


CP 
Clock Input 
1.0/1.0 
20 fLA/-0.6 
mA 


00-09 
TRI-STATE 
Outputs 
150/40 
(33.3) 
-3.0 
mA/24 
mA (20 mAl 


Pin Assignment 


'orlCC 


~ 
06 Os HC D. OJ O2 


[j]1IQJ[2][ID[l][i][IJ 


°slI1J 


°91j]] 


GHO~ 


HC ij]] 


CP IJ]J 


09 [Z] 
oslJ]J 


IIID~~~~~~ 


07 06 Os HC 0. 
OJ 02 


TLIF/9S9S-3 


rn 0, 
rn do 
[IJOE 
CD HC 


~Vcc 
IW 00 


~O, 


• 


Functional Description 


The 
'F821 
consists 
of ten 
D-type 
edge-triggered 
flip·flops. 
This 
device 
has TRI-STATE 
true outputs 
for bus systems 
organized 
in a broadside 
pinning. 
The buffered 
Clock 
(CP) 
and 
buffered 
Output 
Enable 
(OE) 
are common 
to all flip- 
flops. 
The flip-flops 
will store the state 
of their 
individual 
D 
inputs 
that meet the setup and hold times 
requirements 
on 
the LOW-to-HIGH 
CP transition. 
With the OE LOW the con· 
tent of the flip-flops 
are available 
at the outputs. 
When 
the 
OE is HIGH, 
the outputs 
go to the 
high impedance 
state. 
Operation 
of the OE input does 
not affect 
the state 
of the 
flip-flops. 


Inputs 
Internal 
Output 
Function 
OE 
CP 
0 
Q 
0 


H 
H 
X 
NC 
Z 
Hold 


H 
L 
X 
NC 
Z 
Hold 


H 
.../ 
L 
H 
Z 
Load 


H 
.../ 
H 
L 
Z 
Load 


L 
.../ 
L 
H 
L 
Data Available 


L 
.../ 
H 
L 
H 
Data Available 


L 
H 
X 
NC 
NC 
No Change 
in Data 


L 
L 
X 
NC 
NC 
No Change 
in Data 


L ~ LOW Voltage Level 
H ~ 
HIGH Voltage Level 


X = Immaterial 
Z ~ High Impedance 
....r = LOW·to·HIGH Transition 
NC ~ 
No Change 


00 
0, 
02 
0, 
°4 
05 
06 
07 
Os 
09 


TLIF/9595-4 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55·C to + 175·C 
Military 
+ 4.5V to + 5.5V 


Vee 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vee = OV) 


Standard 
Output 
-0.5Vto 
Vee 


TRI-STATE 
Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VeD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vee 
2.5 
10H = -1 
mA 


Voltage 
54F 10% Vee 
2.4 
10H = -3 
mA 


74F 10% Vec 
2.5 
V 
Min 
10H = -1 
mA 


74F 10% Vce 
2.4 
10H = -3mA 


74F 5% Vce 
2.7 
10H = -1 
mA 


74F5% 
Vee 
2.7 
10H = -3mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vec 
0.5 
10L = 24 mA 


IIH 
Input HIGH Current 
54F 
20.0 
I-'A 
VIN = 2.7V 


74F 
5.0 
Max 


IBVI 
Input HIGH Current 
54F 
100 
I-'A 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 
Max 


ICEX 
Output 
HIGH 
54F 
250 
I-'A 
Your 
= Vee 


Leakage 
Current 
74F 
50 
Max 


VID 
Input Leakage 
Test 
74F 
4.75 
V 
0.0 
liD = 1.91-'A, 
All Other Pins Grounded 


10D 
Output 
Leakage 
74F 
3.75 
I-'A 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10ZH 
Output 
Leakage 
Current 
50 
I-'A 
Max 
Your 
= 2.7V 


10ZL 
Output 
Leakage 
Current 
-50 
I-'A 
Max 
Your 
= 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
Your 
= OV 


leez 
Power Supply Current 
78 
100 
mA 
Max 
Vo = HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S'C 
TA. Vcc = Mil 
TA. VCC = Com 
Fig. 


Symbol 
Parameter 
Vcc = +S.OV 
Cl = 50 pF 
Cl = SOpF 
Units 
No. 


Cl = SOpF 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


fmax 
Maximum 
Clock Frequency 
100 
150 
60 
70 
MHz 
2-1 


tplH 
Propagation 
Delay 
2.0 
6.4 
9.5 
2.0 
10.5 
2.0 
10.5 
2-3 
ns 
tpHl 
CPtoOn 
2.0 
6.2 
9.5 
2.0 
10.5 
2.0 
10.5 


tpZH 
Output 
Enable Time 
2.0 
5.8 
10.5 
2.0 
13.0 
2.0 
11.5 


tpZL 
DE to On 
2.0 
6.3 
10.5 
2.0 
13.0 
2.0 
11.5 
2-5 
ns 


tpHZ 
Output 
Disable Time 
1.5 
3.4 
7.0 
1.0 
7.5 
1.5 
7.5 


tpLZ 
DE to On 
1.5 
3.5 
7.0 
1.0 
7.5 
1.5 
7.5 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Mln 
Max 
Mln 
Max 
Mln 
Max 


ts(H) 
Setup Time, HIGH or LOW 
2.5 
4.0 
3.0 


ts(L) 
Dn toCP 
2.5 
4.0 
3.0 
2-6 
ns 
th(H) 
Hold Time, HIGH or LOW 
2.5 
2.5 
2.5 


th(L) 
Dn to CP 
2.5 
2.5 
2.5 


tw(H) 
CP Pulse Width 
5.0 
6.0 
6.0 
2-4 
tw(L) 
HIGH or LOW 
5.0 
6.0 
6.0 
ns 


54F/74F823 
9-Bit 0- Type Flip-Flop 


General Description 


The 'F823 
is a 9·bit buffered 
register. 
It features 
Clock 
En- 
able and Clear 
which 
are ideal for parity bus interfacing 
in 
high performance 
microprogramming 
systems. 


The 
'F823 
is functionally 
and 
pin compatible 
with 
AMD's 
Am29823. 


Features 


• 
TRI-STATE@ 
outputs 


• 
Clock 
Enable 
and Clear 


• 
Direct 
replacement 
for AMD's 
Am29823 


Pin Assignment 
for 
DIP, SOIC and Flatpak 
Pin Assignment 
for LCC 


ilE 
, 
2. 
Vcc 


Do 
2 
23 
Do 


0, 
3 
22 
0, 


O2 • 
2' 
°2 
0, 
5 
20 
0, 
TLIF/9596-2 


D. 
6 
'9 
0. 


IEEEIIEC 
05 
7 
'8 
05 


0, 
8 
17 
0, 


ilE 
lry 
9 
'6 
°7 
CUi 
D. 
'0 
'5 
D. 
EN 
CUi 
11 
U 
EN 
CP 
GND 
12 
'3 
CP 


Do 
°0 
0, 
0, 
TLIF/9596-3 


O2 
°2 


0, 
0, 


D. 
0. 


05 
°5 
06 
0, 


lry 
°7 


D. 
0. 


TL/F/9596-1 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


Do-De 
Data Inputs 
1.0/1.0 
20 JJ.A/-0.6 
mA 


DE 
Output Enable 
Input 
1.0/1.0 
20 JJ.A/-0.6 
mA 


CLR 
Clear 
1.0/1.0 
20 JJ.A/-0.6 
mA 


CP 
Clock Input 
1.0/2.0 
20 JJ.A/-1.2 
mA 


EN 
Clock Enable 
1.0/1.0 
20 JJ.A/-0.6 
mA 


Do-De 
TRI·STATE 
Outputs 
150/40 
(33.3) 
-3 
mA/24 
mA (20 mAl 


Os ffll 
rn 0, 
CUi\Lj] 
[IJDo 
GND~ 
IIJ ilE 
HC\Lj] 
mNC 


CP f!]J 
Il!IVee 
EN Ii1I 
11!1 00 
0.1lE 
Il!I0, 
0oI(J{J(JIOI~ 


Functional Description 


The 
'F823 
device 
consists 
of 
nine 
D-type 
edge-triggered 
flip-flops. 
It has TRI-STATE 
true outputs 
and is organized 
in 
broadside 
pinning. 
The 
buffered 
Clock 
(CP) and 
buffered 
Output 
Enable 
(OE) are common 
to all flip-flops. 
The flip- 
flops will store the state of their individual 
D inputs that meet 
the setup and hold times requirements 
on the LOW-to-HIGH 
CP transition. 
With 
the 
OE LOW 
the 
contents 
of the 
flip- 
flops are available 
at the outputs. 
When the OE is HIGH, the 
outputs 
go to the 
high impedance 
state. 
Operation 
of the 
OE input does 
not affect 
the state of the flip-flops. 
In addi- 


tion 
to the 
Clock 
and 
Output 
Enable 
pins, 
the 
'F823 
has 
Clear (CLR) and Clock 
Enable 
(EN) pins. 


When the CLR is LOW and the OE is LOW, the outputs 
are 
LOW. When CLR is HIGH, data can be entered 
into the flip- 
flops. When 
EN is LOW, data on the inputs is transferred 
to 
the outputs 
on the LOW to HIGH clock transition. 
When the 
EN is HIGH, the outputs 
do not change 
state regardless 
of 
the data or clock 
inputs 
transitions. 
This device 
is ideal for 
parity bus interfacing 
in high performance 
systems. 


Inputs 
Internal 
Output 
Function 
OE 
CLR 
EN 
CP 
0 
Q 
0 


H 
H 
L 
H 
X 
NC 
Z 
Hold 


H 
H 
L 
L 
X 
NC 
Z 
Hold 


H 
H 
H 
X 
X 
NC 
Z 
Hold 


L 
H 
H 
X 
X 
NC 
NC 
Hold 


H 
L 
X 
X 
X 
H 
Z 
Clear 


L 
L 
X 
X 
X 
H 
L 
Clear 


H 
H 
L 
J"" 
H 
H 
Z 
Load 


H 
H 
L 
J"" 
H 
L 
Z 
Load 


L 
H 
L 
J"" 
L 
H 
L 
Data Available 


L 
H 
L 
J"" 
H 
L 
H 
Data Available 


L 
H 
L 
H 
X 
NC 
NC 
No Change 
in Data 


L 
H 
L 
L 
X 
NC 
NC 
No Change 
in Data 


L ~ 
LOW Voltage Level 


H = HIGH Voltage Level 
X = Immaterial 
Z = High Impedance 
-..r = LOW-la-HIGH 
Transition 
NC ~ No Change 


0. 


TL/F/9596-5 


Please note that this diagram is provided only for the understanding 
of logic operations and should not be used to estimate propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 


Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
-55'C 
to + 175'C 
Military 
+4.5Vto 
+5.5V 


Vee Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vee = OV) 
Standard 
Output 
-0.5Vto 
Vee 


TRI-STATE 
Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10l (mA) 


Note 
1: Absolute maximum ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not 
implied. 


Note 
2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


Vil 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


Veo 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
54F 10% Vee 
2.5 
10H = -1 
mA 


54F 10% Vee 
2.4 
10H = -3mA 


Output 
HIGH 
74F 10% Vee 
2.5 
V 
Min 
10H = -1 
mA 
Voltage 
74F 10% Vee 
2.4 
10H = -3mA 


74F 5% Vee 
2.7 
10H = -1 
mA 


74F 5% Vee 
2.7 
10H = -3mA 


VOL 
Output 
LOW 
54F 10% Vee 
0.5 
V 
Min 
10l = 20 mA 
Voltage 
74F 10% Vee 
0.5 
10l = 24 mA 


IIH 
Input HIGH 
54F 
20.0 
J-LA 
Max 
V,N = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
J-LA 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


leEX 
Output 
HIGH 
54F 
250 
J-LA 
Max 
VOUT = Vee 


Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9 J-LA 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
J-LA 
0.0 
VIOO = 150 mV 
Circuit Current 
All Other Pins Grounded 


III 
Input LOW 
-0.6 
mA 
Max 
VIN = 0.5V (OE, CLR, EN) 
Current 
-1.2 
mA 
Max 
VIN = O.5V (CP) 


10lH 
Output 
Leakage 
Current 
50 
J-LA 
Max 
VOUT = 2.7V 


lOll 
Output 
Leakage 
Current 
-50 
J-LA 
Max 
VOUT = 0.5V 


'OS 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


III 
Buss Drainage 
Test 
500 
J-LA 
O.OV 
VOUT = 5.25V 


leel 
Power Supply Current 
75 
100 
mA 
Max 
Vo = HIGHZ 
• 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Cl = SOpF 
Cl = SOpF 
Units 
No. 


Cl = SO pF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


fmax 
Maximum 
Clock Frequency 
100 
160 
60 
70 
MHz 
2-1 


tplH 
Propagation 
Delay 
2.0 
5.6 
9.5 
2.0 
10.5 
2.0 
10.5 
2-3 
ns 
tpHl 
CPtoOn 
2.0 
5.2 
9.5 
2.0 
10.5 
2.0 
10.5 


tpHl 
Propagation 
Delay 
4.0 
7.1 
12.0 
4.0 
13.0 
4.0 
13.0 
ns 
2-3 
CLR to On 


tpZH 
Output Enable Time 
2.0 
5.8 
10.5 
2.0 
13.0 
2.0 
11.5 


tpZl 
OE to On 
2.0 
5.5 
10.5 
2.0 
13.0 
2.0 
11.5 
2-5 
ns 


tpHZ 
Output Disable Time 
1.5 
2.9 
7.0 
1.0 
7.5 
1.5 
7.5 


tPlZ 
OEtoOn 
1.5 
2.7 
7.0 
1.0 
7.5 
1.5 
7.5 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


VCC = +S.OV 
No. 


Min 
Max 
Min 
Max 
Min 
Max 


ts(H) 
Setup Time, HIGH or LOW 
2.5 
4.0 
3.0 


ts(L) 
Dn to CP 
2.5 
4.0 
3.0 
2-6 
ns 
th(H) 
Hold Time, HIGH or LOW 
2.5 
2.5 
2.5 


th(L) 
Dn toCP 
2.5 
2.5 
2.5 


ts(H) 
Setup Time, HIGH or LOW 
4.5 
5.0 
5.0 


ts(L) 
ENtoCP 
2.5 
3.0 
3.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
2.0 
3.0 
2.0 


th(L) 
EN toCP 
0 
1.0 
0 


tw(H) 
CP Pulse Width 
5.0 
6.0 
6.0 


twILl 
HIGH or LOW 
5.0 
6.0 
6.0 
ns 
2-4 


tw(L) 
CLR Pulse Width, 
LOW 
5.0 
5.0 
5.0 
ns 
2-4 


tree 
CLR Recovery 
Time 
5.0 
5.0 
5.0 
ns 
2-6 


~National 
~ 
semiconductor 


54F/74F825 
8-Bit 0- Type Flip-Flop 


General Description 


The 'F825 
is an 8-bit buffered 
register. 
It has Clock 
Enable 


and Clear features 
which 
are ideal for parity bus interfacing 
in high 
performance 
microprogramming 
systems. 
Also 
in- 
cluded 
in the 
'F825 
are multiple 
enables 
that 
allow 
multi- 
user control 
of the interface. 


The 
'F825 
is functionally 
and 
pin compatible 
with 
AMD's 
Am29825. 


Features 


• 
TRI-STATE<I> output 


• 
Clock 
enable 
and clear 


• 
MUltiple output 
enables 


• 
Direct 
replacement 
for AMD's 
Am24825 


Ordering Code: 
See Section 
5 


Logic Symbols 


Pin Assignment 
Pin Assignment 
for DIP, SOIC and Flatpak 
forlCC 


06 05 04 HC 03 O2 01 
0[1 
1 
24 
Vcc 
(j][j]JrnrnlIJrnl]] 


0[2 
2 
23 
0[3 


DO 
3 
22 
°0 
171il1 
000 


01 
4 
21 
°1 
CLRIi] 
rn 0[2 


O2 
5 
20 
°2 


GHO~ 
rn 0[1 
HC@! 
OJ HC 
03 
6 
19 
°3 
CP@ 
~VCC 
Tl/F/9597-1 
D. 
7 
18 
0. 
ENIlZJ 
IllI 0[3 


05 
8 
17 
°5 
°7@ 
~OO 
IEEE/IEC 
06 
9 
16 
°6 
111111111111111111111. 


17 
10 
15 
°7 
@gg0J~~gH~ 


CLR 
11 
I. 
EN 
06 05 0. 
HC 03 02 01 


GHO 
12 
13 
CP 
TL/F/9597-3 


TL/F/9597-2 


°0 
°1 
°2 
°3 
0. 
°5 
0, 
°7 


TLIF/9597-4 


54F174F 


Pin Names 
Description 
U.L. 
Input 
IIHIIIL 
HIGH/lOW 
Output 
IOH/IOL 


00-07 
Data Inputs 
1.0/1.0 
20 I'-AI- 0.6 mA 
°0-°7 
TRI-STATE 
Data Outputs 
150/40 (33.3) -3 mAl24 mA (20 mAl 
OE1' OE2' OEs 
Output 
Enable 
Input 
1.0/1.0 
20 I'-Al-0.6 
mA 
EN 
Clock Enable 
1.0/1.0 
20 floAf -0.6 mA 
CLR 
Clear 
1.0/1.0 
20 I'-Al-0.6 
mA 
CP 
Clock Input 
1.012.0 
20 I'-Al-1.2 
mA 
• 


Functional Description 


The 'F825 
consists 
of eight D-type edge-triggered 
flip-flops. 


This device 
has TRI-STATE 
true outputs 
and is organized 
in 
broadside 
pinning. 
In addition 
to the clock 
and output 
en- 
able pins, the buffered 
clock 
(CP) and buffered 
Output 
En- 
able 
(0 E) are 
common 
to all flip-flops. 
The 
flip-flops 
will 
store 
the 
state 
of their 
individual 
D inputs 
that 
meet 
the 
setup and hold times requirements 
on the LOW-to-HIGH 
CP 
transition. 
With 
the OE LOW the contents 
of the flip-flops 
are available 
at the outputs. 
When the OE is HIGH, the out- 
puts go to the high impedance 
state. 
Operation 
of the OE 


input does 
not affect 
the state 
of the flip-flops. 
The 'F825 
has Clear (CLR) and Clock 
Enable 
(EN) pins. 


When 
the CLR is LOW and the OE is LOW the outputs 
are 
LOW. When CLR is HIGH, data can be entered 
into the flip- 
flops. When 
EN is LOW, data on the inputs is transferred 
to 
the outputs 
on the LOW-to-HIGH 
clock 
transition. 
When the 
EN is HIGH the outputs 
do not change 
state, 
regardless 
of 
the data or clock 
input transitions. 


Inputs 
Internal 
Output 
Function 


OE 
CLR 
EN 
CP 
D 
Q 
0 


H 
H 
L 
H 
X 
NC 
Z 
Hold 


H 
H 
L 
L 
X 
NC 
Z 
Hold 


H 
H 
H 
X 
X 
NC 
Z 
Hold 


L 
H 
H 
X 
X 
NC 
NC 
Hold 


H 
L 
X 
X 
X 
H 
Z 
Clear 


L 
L 
X 
X 
X 
H 
L 
Clear 


H 
H 
L 
....r 
L 
H 
Z 
Load 


H 
H 
L 
....r 
H 
L 
Z 
Load 


L 
H 
L 
....r 
L 
H 
L 
Data Available 


L 
H 
L 
....r 
H 
L 
H 
Data Available 


L 
H 
L 
H 
X 
NC 
NC 
No Change 
in Data 


L 
H 
L 
L 
X 
NC 
NC 
No Change 
in Data 


L ~ 
LOW Voltage Level 
H = HIGH Voltage Level 
X = Immaterial 
Z = High Impedance 
-./"* = LOW·to-HIGH Transition 
NC ~ 
No Change 


TLIF/9597-5 


Please 
note that this diagram 
is provided 
only for 'he understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for 
availability 
and 
specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
-55'C 
to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+4.5Vto 
+5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5Vto 
Vcc 


TRI-STATE 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated IOL (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged 
or have its useful 
life impaired. 
Functional 
operation 
under 
these conditions 
is not implied. 


Note 2: Either voltage limit or current limit is sufficient 
to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
IOH = -1 
mA 


Voltage 
54F 10% Vce 
2.4 
10H = -3mA 


74F 10% Vec 
2.5 
V 
Min 
10H = -1 
mA 


74F 10% Vcc 
2.4 
10H = -3mA 


74F 5% Vee 
2.7 
10H = -1 
mA 


74F 5% Vec 
2.7 
10H = -3mA 


VOL 
Output 
LOW 
54F 10% Vee 
0.5 
V 
Min 
10L = 20 mA 
Voltage 
74F 10% Vee 
0.5 
10L = 24 mA 


IIH 
Input HIGH 
54F 
20.0 
IJ-A 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
IJ-A 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
IJ-A 
Max 
VOUT = Vee 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.91J-A 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
IJ-A 
0.0 
VIOO = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10lH 
Output 
Leakage 
Current 
50 
IJ-A 
Max 
VOUT = 2.7V 


lOlL 
Output 
Leakage 
Current 
-50 
IJ-A 
Max 
VOUT = 0.5V 


10S 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


IZZ 
Buss Drainage 
Test 
500 
IJ-A 
O.OV 
VOUT = 5.25V 


leel 
Power Supply Current 
75 
90 
mA 
Max 
Vo = HIGHZ 


TA = +2SoC 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc 
= +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 


CL = SOpF 


Min 
Typ 
Max 
Mln 
Max 
Mln 
Max 


fmax 
Maximum 
Clock Frequency 
100 
160 
60 
70 
MHz 
2-1 


tpLH 
Propagation 
Delay 
2.0 
6.5 
9.5 
2.0 
10.5 
2.0 
10.5 
2-3 
ns 
tpHL 
CPtoOn 
2.0 
6.6 
9.5 
2.0 
10.5 
2.0 
10.5 


tpHL 
Propagation 
Delay 
4.0 
7.4 
12.0 
4.0 
13.0 
4.0 
13.0 
ns 
2-3 
CLR to On 


tpZH 
Output 
Enable Time 
2.0 
6.5 
10.5 
2.0 
13.0 
2.0 
11.5 


tpZL 
OE to On 
2.0 
6.6 
10.5 
2.0 
13.0 
2.0 
11.5 
2-5 
ns 


tpHZ 
Output 
Disable Time 
1.5 
3.5 
7.0 
1.0 
7.5 
1.5 
7.5 


tpLZ 
OE to On 
1.5 
3.3 
7.0 
1.0 
7.5 
1.5 
7.5 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2SoC 
TA. Vcc = Mil 
TA. VCC = Com 
Units 
Fig. 


VCC = +S.OV 
No. 


Mln 
Max 
Mln 
Max 
Mln 
Max 


ts(H) 
Setup Time, HIGH or LOW 
2.5 
4.0 
3.0 


ts(L) 
Dn toCP 
2.5 
4.0 
3.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
2.5 
2.5 
2.5 


th(L) 
DntoCP 
2.5 
2.5 
2.5 


ts(H) 
Setup Time, HIGH or LOW 
4.5 
5.0 
5.0 


ts(L) 
EN to CP 
2.5 
3.0 
3.0 
ns 
2-6 
th(H) 
Hold Time, HIGH or LOW 
2.0 
3.0 
1.0 


th(L) 
EN toCP 
0 
2.0 
0 


tw(H) 
CP Pulse Width 
5.0 
6.0 
6.0 


tw(L) 
HIGH or LOW 
5.0 
6.0 
6.0 
ns 
2-4 


tw(L) 
CLR Pulse Width, 
LOW 
5.0 
5.0 
5.0 
ns 
2-4 


tree 
CLR Recovery 
Time 
5.0 
," 
5.0 
5.0 
ns 
2-6 
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54F /7 4F827 • 54F /7 4F828 
10-Bit Buffers/Line 
Drivers 


General Description 


The 
'F827 
and 
'F828 
10-bit 
bus buffers 
provide 
high per- 


formance 
bus 
interface 
buffering 
for 
wide 
datal address 
paths or buses carrying 
parity. The 10-bit buffers 
have NOR 
output 
enables 
for maximum 
control 
flexibility. 


The 'F827 and 'F828 are functionally- 
and pin-compatible 
to 
AMD's 
Am29827 
and Am29828. 
The 'F828 
is an inverting 
version 
of the 'F827. 


Features 


• 
TRI-STATE@ 
output 


• 
'F828 
is inverting 


• 
Direct 
replacement 
for AMD's 
Am29827 
and Am29828 


Pin Assignment 
forLCC 
'F827 


07 06 05 HC O. 03 O2 
[]] 
[QJ [[J [IHIJ III m 
~ 


°8@ 
09 ij] 


GHO IHJ 


HC [j]] 


OE2 [j]] 


Ogl!ZJ 
°8 [j]] 


III 0, 
rn 00 
rn OE, 


[]] 
HC 


~Vcc 
~Oo 
~O, 


,~rJ{"lIl~T/ 
1!ID~[ljJ~~~~ 
°706 05 HC0. 03 02 


'F828 


~ 
06 05 HC O. 03 O2 
[]][QJ[[JlIJlIJlIlm 
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Og ij] 


GHO IHJ 


HC [j]] 
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Ogl!ZJ 
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rn DEl 


[]] 
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~ 
Vcc 
~Oo 
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1!ID~[ljJ~~~~ 
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IEEE/IEC 
'F827 
IEEE/IEC 


'F828 


54F174F 


Pin Names 
Description 
U.L. 
Input 
IIH/IIL 


HIGH/LOW 
Output 
IOH/IOL 


OE1, OE2 
Output 
Enable Input 
1.0/1.0 
20 1'-A/-0.6 
mA 
00-07 
Data Inputs 
1.0/1.0 
20 1'-A/-0.6 
mA 
00-07 
Data Outputs, 
TRI-STATE 
600/106.6 
(80) 
-12 
mA/64 
mA (48 mAl 


Functional 
Description 


The 
'F827 
and 
'F828 
are line drivers 
designed 
to be em- 
ployed 
as memory 
address 
drivers, 
clock 
drivers 
and bus- 
oriented 
transmitters/receivers 
which 
provide 
improved 
PC 
board 
density. 
The devices 
have TRI-STATE 
outputs 
con- 
trolled 
by the Output 
Enable 
(OE) pins. The outputs 
can sink 
64 mA (48 mA mil) and source 
15 mA. Input clamp 
diodes 
limit high-speed 
termination 
effects. 


Inputs 
Outputs 


OE 
On 
On 
Function 


'F827 
'F828 


L 
H 
H 
L 
Transparent 


L 
L 
L 
H 
Transparent 


H 
X 
Z 
Z 
HighZ 


H ~ 
HIGH Voltage level 
L ~ 
LOW Voltage Level 


Z = High Impedance 
X = Immaterial 


TL/F/9598-4 


Please note that this diagram is provided only for the understanding 
of logic operations and should not be used to estimate propagation 
delays. 


TLIF/9598-11 


Please note that this diagram is provided only for the understanding 
of logic operations 
and should not be used to estimate propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
- 55·C to + 175·C 
Military 
+ 4.5V to + 5.5V 


VCC Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 
TRI-STATE 
Output 
- 0.5V to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
I 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
~~ 


Output 
HIGH 
54F 10% Vcc 
2.4 
10H = -3 
mA 


Voltage 
54F 10% Vcc 
2.0 
10H = -12mA 


74F 10% Vcc 
2.4 
V 
Min 
10H = -3 
mA 


74F 10% Vcc 
2.0 
10H = -15mA 


74F 5% Vcc 
2.7 
10H = -3 
mA 


VOL 
Output 
LOW 


, 


54F 10% Vcc 
0.55 
10L = 48 mA 


Voltage 
74F 10% Vcc 
0.55 
V 
Min 
IOL = 64 mA 


IIH 
Input HIGH 
54F 
20.0 
VIN = 2.7V 


Current 
74F 
5.0 
IJ-A 
Max 


ISVI 
Input HIGH Current 
54F 
100 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 
IJ-A 
Max 


ICEX 
Output 
HIGH 
54F 
250 
VOUT = Vcc 
Leakage 
Current 
74F 
50 
IJ-A 
Max 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9IJ-A 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
IJ-A 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10ZH 
Output 
Leakage 
Current 
50 
IJ-A 
Max 
VOUT = 2.7V 


lOlL 
Output 
Leakage 
Current 
-50 
IJ-A 
Max 
VOUT = 0.5V 


los 
Output Short-Circuit 
Current 
-100 
-225 
mA 
Max 
VOUT = OV 


DC Electrical Characteristics 
(Continued) 


Symbol 
Parameter 
S4F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


Izz 
Bus Drainage 
Test 
500 
IJ-A 
O.OY 
Vour 
= 5.25V 


ICCH 
Power Supply Current 
('F827) 
30 
45 
mA 
Max 
Va = 
HIGH 


ICCL 
Power Supply Current 
('F827) 
60 
90 
mA 
Max 
Va = LOW 


Iccz 
Power Supply Current 
('F827) 
40 
60 
mA 
Max 
Vo=HIGHZ 


ICCH 
Power Supply Current 
('F828) 
14 
20 
mA 
Max 
Va = 
HIGH 


ICCL 
Power Supply Current 
('F828) 
56 
85 
mA 
Max 
Va = 
LOW 


Iccz 
Power Supply Current 
('F828) 
35 
50 
mA 
Max 
Va = 
HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
CL = SOpF 


Min 
Typ 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
1.0 
3.0 
5.5 
1.0 
7.5 
1.0 
6.5 
2-3 
tpHL 
Data to Output 
('F827) 
1.5 
3.3 
5.5 
1.5 
7.0 
1.5 
6.0 
ns 


tpLH 
Propagation 
Delay 
1.0 
3.0 
5.0 
1.0 
6.5 
1.0 
5.5 


tpHL 
Data to Output 
('F828) 
1.0 
2.0 
4.0 
1.0 
5.0 
1.0 
4.0 
ns 
2-3 


tpZH 
Output 
Enable Time 
3.0 
5.7 
9.0 
2.5 
10.0 
2.5 
9.5 


tpZL 
OE to On 
3.5 
6.8 
11.5 
3.0 
12.5 
3.0 
12.0 
ns 
2-5 


tpHZ 
Output 
Disable Time 
1.5 
3.3 
8.0 
1.5 
9.0 
1.5 
8.5 


tpLZ 
OEtoOn 
1.0 
3.5 
8.0 
1.0 
9.0 
1.0 
8.5 
ns 
2-5 


• 
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54F/74F841 
10-Bit Transparent 
Latch 


General Description 


The 'F841 
bus interface 
latch 
is designed 
to eliminate 
the 
extra 
packages 
required 
to buffer 
existing 
latches 
and pro- 
vide ex1ra data width for wider address/ 
data paths or buses 
carrying 
parity. The 'F841 
is a 1O-bit transparent 
latch, a 10- 
bit version 
of the 'F373. 


The 
'F841 
is functionally 
and 
pin 
compatible 
to 
AMD's 
Am29841. 


Features 


• 
TRI-STATE® 
output 


• 
Direct 
replacement 
for AMD's 
Am29841 


Pin Assignment 
for 
DIP, SOIC and Flatpak 


OE 


LE 


TLiF/9599-1 


IEEE/IEC 


Ol' 


LE 


Do 
°0 


0, 
0, 


O2 
°2 
03 
°3 


O~ 
O~ 


Os 
Os 


06 
°6 
~ 
°7 


°a 
°a 


09 
°9 
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Ol' 
1 


DO 
2 


0, 
3 


O2 
4 


03 
5 


O~ 
6 


Os 
7 


06 
8 


07 
9 


0a 
10 


09 
11 


GNO 
12 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/lIL 
HIGH/LOW 
Output 
'OH/IOL 


Do-D9 
Data Inputs 
1.0/1.0 
20 I-'AI- 
0.6 mA 
00-09 
TRI-STATE 
Outputs 
150/40 
(33.3) 
-3 
mAl24 
mA (20 mAl 
OE 
Output 
Enable Input 
1.0/1.0 
20 I-'AI-0.6 
mA 
LE 
Latch Enable 
1.0/1.0 
20 I-'AI-0.6 
mA 


Pin Assignment 
for LCC 


~ 
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TLiF/9599-3 


Functional Description 


The 
'F841 
device 
consists 
of 
ten 
D-type 
latches 
with 
TRI-STATE 
outputs. 
The flip-flops 
appear transparent 
to the 
data 
when 
Latch 
Enable 
(LE) is HIGH. 
This' allows 
asyn- 
chronous 
operation, 
as the output transition 
follows 
the data 
in transition. 


On the LE HIGH-to-LOW 
transition, 
the data that meets the 
setup 
and 
hold time 
is latched. 
Data 
appears 
on the 
bus 
when 
the Output 
Enable 
(OE) is LOW. 
When 
OE is HIGH 
the bus Ol,ltput is in the high impedance 
state. 


Inputs 
Internal 
Output 
Function 
OE 
LE 
D 
Q 
0 


X 
X 
X 
X 
Z 
HighZ 


H 
H 
L 
L 
Z 
HighZ 


H 
H 
H 
H 
Z 
HighZ 


H 
L 
X 
NC 
Z 
Latched 


L 
H 
L 
L 
L 
Transparent 


L 
H 
H 
H 
H 
Transparent 


L 
L 
X 
NC 
NC 
Latched 


L 
X 
X 
H 
H 
Preset 


L 
X 
X 
L 
L 
Clear 


L 
X 
X 
H 
H 
Preset 


H 
L 
X 
L 
Z 
Latched 


H 
L 
X 
H 
Z 
Latched 


H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = 
Immaterial 


Z = HIGH Impedance 
NC = No Change 


00 
01 
02 
03 
0. 
05 
Os 
07 
08 
09 


TL/F/9S99-4 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays . 


• 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+4.5Vto 
+5.5V 


Vee 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vee = OV) 
Standard 
Output 
-0.5V 
to Vee 
TRI-STATE 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VeD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH Voltage 
54F 10% Vee 
2.5 
10H = -1 
mA 


54F 10% Vee 
2.4 
10H = -3mA 


74F 10% Vee 
2.5 
V 
Min 
10H = -1 
mA 


74F 10% Vee 
2.4 
10H = -3mA 


74F 5% Vee 
2.7 
10H = -1 
mA 


74F 5% Vee 
2.7 
10H = -3mA 


VOL 
Output 
LOW 
54F 10% Vee 
0.5 
V 
Min 
10L = 20 mA 
Voltage 
74F 10% Vee 
0.5 
10L = 24 mA 


IIH 
Input HIGH 
54F 
20.0 
J-LA 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
J-LA 
Max 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 


leEx 
Output 
HIGH 
54F 
250 
J-LA 
Max 
VOUT = Vee 
Leakage 
Current 
74F 
50 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9J-LA 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
J-LA 
0.0 
VIOD = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10lH 
Output 
Leakage 
Current 
50 
J-LA 
Max 
VOUT = 2.7V 


lOlL 
Output 
Leakage 
Current 
-50 
J-LA 
Max 
VOUT = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


III 
Bus Drainage 
Test 
500 
J-LA 
O.OV 
VOUT = 5.25V 


leel 
Power Supply Current 
69 
92 
mA 
Max 
Vo = HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Cl = SO pF 
Cl = SOpF 
Units 
No. 
Cl = SOpF 


Mln 
Typ 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
2.5 
8.0 
2.0 
9.0 
2-3 
ns 
tpHL 
On to On 
1.5 
6.5 
1.5 
7.0 


tpLH 
Propagation 
Delay 
5.0 
12.0 
4.5 
13.5 
2-3 
ns 
tpHL 
LE to On 
2.0 
7.5 
2.0 
8.0 


tpZH 
Output 
Enable Time 
2.5 
8.5 
2.0 
9.5 


tpZL 
OE to On 
2.5 
9.0 
2.0 
10.0 
2-5 
ns 


tpHZ 
Output 
Disable Time 
1.0 
6.5 
1.0 
7.5 


tpLZ 
OEtoOn 
1.0 
6.5 
1.0 
7.5 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Min 
Max 
Mln 
Max 
Min 
Max 


t5(H) 
Setup Time, HIGH or LOW 
2.0 
2.5 


t5(L) 
On to LE 
2.0 
2.5 
2-6 
ns 
th(H) 
Hold Time, HIGH or LOW 
2.5 
3.0 


th(L) 
On to LE 
3.0 
3.5 


tw(H) 
LE Pulse Width, HIGH 
4.0 
4.0 
ns 
2-4 


• 


~National 
~ 
semiconductor 


54F/74F843 
9-Bit Transparent 
Latch 


General Description 


The 
'F843 
bus interlace 
latch 
is designed 
to eliminate 
the 
extra 
packages 
required 
to buffer 
existing 
latches 
and pro- 
vide extra data width for wider address/data 
paths or buses 
carrying 
parity. 


The 
'F843 
is functionally 
and 
pin compatible 
with 
AMD's 
Am29843. 


Features 


• 
TRI-STATE® 
output 


• 
Direct 
replacement 
for AM D's Am29843 


Ordering Code: 
See Section 
5 


Logic Symbols 
Connection 
Diagram 


Pin Assignment 
for DIP and sOle 


OE 
1 
24 
Vcc 


DO 
2 
23 
00 


01 
3 
22 
01 


O2 
4 
21 
O2 


03 
5 
20 
03 


04 
6 
19 
04 


05 
7 
18 
05 


06 
8 
17 
06 


07 
9 
16 
07 


08 
10 
15 
08 


CLR 
11 
14 
PRE 


GNO 
12 
13 
LE 


TL/F/9453-2 


54F174F 


Pin Names 
Del:cription 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


Do-De 
Data Inputs 
1.0/1.0 
20 fLA/ - 0.6 mA 
OE 
Output 
Enable Input 
1.0/1.0 
20 fLA/ -0.6 
mA 
LE 
Latch Enable 
1.0/1.0 
20 fLA/ - 0.6 mA 
CLR 
Clear 
1.0/1.0 
20 fLA/ - 0.6 mA 


PRE 
Preset 
1.0/1.0 
20 fLAI- 
0.6 mA 


Oo-Oe 
TRI-STATE 
Data Outputs 
150/40 
(33.3) 
-3 
mAl24 
mA (20 mAl 


Functional Description 


The 'F843 
consists 
of nine D-type 
latches 
with TRI-STATE 
outputs. 
The flip-flops 
appear 
transparent 
to the data when 
Latch Enable 
(LE) is HIGH. This allows 
asynchronous 
oper- 
ation, 
as the output 
transition 
follows 
the data in transition. 


On the LE HIGH-to-LOW 
transition, 
the data that meets the 
setup times 
is latched. 
Data appears 
on the bus when 
the 
Output 
Enable 
(OE) 
is LOW. 
When 
OE is HIGH, 
the 
bus 


Inputs 
Internal 
Output 
Function 
CLR 
PRE 
OE 
LE 
0 
Q 
0 


H 
H 
X 
X 
X 
X 
Z 
HighZ 


H 
H 
H 
H 
L 
L 
Z 
HighZ 


H 
H 
H 
H 
H 
H 
Z 
HighZ 


H 
H 
H 
L 
X 
NC 
Z 
Latched 


H 
H 
L 
H 
L 
L 
L 
Transparent 


H 
H 
L 
H 
H 
H 
H 
Transparent 


H 
H 
L 
L 
X 
NC 
NC 
Latched 


H 
L 
L 
X 
X 
H 
H 
Preset 


L 
H 
L 
X 
X 
L 
L 
Clear 


L 
L 
L 
X 
X 
H 
H 
Preset 


L 
H 
H 
L 
X 
L 
Z 
Latched 


H 
L 
H 
L 
X 
H 
Z 
Latched 


output 
is in the high impedance 
state. 
In addition 
to the LE 
and OE pins, the 'F843 
has a Clear (CLR) pin and a Preset 
(PRE). These 
pins are ideal for parity bus interfacing 
in high 
performance 
systems. 
When 
CLR is LOW, the outputs 
are 
LOW 
if OE is LOW. 
When 
CLR is HIGH, 
data 
can be en- 
tered 
into the 
latch. 
When 
PRE is LOW, 
the 
Outputs 
are 
HIGH if OE is LOW. Preset overrides 
CLR. 


H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = Immaterial 
Z = High Impedance 
NC ~ 
No Change 


~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
TL/F/9453-4 


Please 
note that this diagram 
is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-55·Cto 
+ 175·C 
Military 
+ 4.5V to + 5.5V 


VCC Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 


TRI-STATE 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not implied. 


Note 
2: Either 
voltage 
limit or current 
limit 
is sufficient 
to protect 
inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
VCC 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


Vco 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
54F 10% Vcc 
2.4 
10H = -3mA 


74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 10% Vcc 
2.4 
10H = -3mA 


74F5% 
Vcc 
2.7 
10H = -1 
mA 


74F5% 
Vcc 
2.7 
10H = -3 
mA 


VOL 
Output 
LOW Voltage 
54F 10% Vcc 
0.5 
V 
Min 
10L = 20 mA 


74F 10% Vcc 
0.5 
10L = 24 mA 


IIH 
Input HIGH 
54F 
20.0 


Current 
74F 
5.0 
p.A 
Max 
VIN = 2.7V 


IBVI 
Input HIGH Current 
54F 
100 
Max 
Breakdown 
Test 
74F 
7.0 
p.A 
VIN = 7.0V 


ICEX 
Output 
HIGH 
54F 
250 


Leakage 
Current 
74F 
50 
p.A 
Max 
VOUT = Vcc 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9p.A 


Test 
All other pins grounded 


100 
Output 
Leakage 
74F 
3.75 
p.A 
0.0 
VIOO = 150mV 
Circuit Current 
All other pins grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10ZH 
Output 
Leakage 
Current 
50 
p.A 
Max 
VOUT = 2.7V 


10ZL 
Output 
Leakage 
Current 
-50 
p.A 
Max 
VOUT = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


Izz 
Bus Drainage 
Test 
500 
p.A 
O.OV 
VOUT = 5.25V 


Icc 
Power Supply Current 
65 
90 
mA 
Max 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S·C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
CL = SOpF 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
2.5 
5.4 
8.0 
2.0 
9.0 
2-3 
ns 
tpHL 
On to On 
1.5 
4.2 
6.5 
1.5 
7.0 


tpLH 
Propagation 
Delay 
5.0 
8.5 
12.0 
4.5 
13.5 
2-3 
ns 
tpHL 
LE to On 
2.0 
4.7 
7.5 
2.0 
8.0 


tpLH 
Propagation 
Delay 
3.0 
7.3 
10.0 
2.5 
11.0 
ns 
2-3 
PRE to On 


tpHL 
Propagation 
Delay 
3.0 
6.9 
10.0 
2.5 
11.0 
ns 
2-3 
CLR to On 


tpZH 
Output 
Enable Time 
2.5 
5.0 
8.5 
2.0 
9.5 
2-3 
ns 
tpZL 
DE to On 
2.5 
6.1 
9.0 
2.0 
10.0 


tpHZ 
Output Disable Time 
1.0 
3.6 
6.5 
1.0 
7.5 
2-5 
OEtoOn 
1.0 
3.4 
6.5 
1.0 
7.5 
ns 
tpLZ 


AC Operating 
Requirements: 
See Section 
2 for Waveforms 


74F 
S4F 
74F 


Symbol 
Parameter 
TA = +2S·C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Mln 
Max 
Mln 
Max 
Mln 
Max 


ts(H) 
Setup Time, HIGH or LOW 
2.0 
2.5 
ts (L) 
Onto 
LE 
2.0 
2.5 
ns 
2-6 
th (H) 
Hold Time, HIGH or LOW 
2.5 
3.0 


th (L) 
On to LE 
3.0 
3.5 


tw(Hl 
LE Pulse Width, HIGH 
4.0 
4.0 
ns 
2-4 


twILl 
PRE Pulse Width, LOW 
5.0 
5.0 
ns 
2-4 


twILl 
CLR Pulse Width, LOW 
5.0 
5.0 
ns 
2-4 


tree 
PRE Recovery 
Time 
10.0 
10.0 
ns 
2-6 


tree 
CLR Recovery 
Time 
12.0 
13.0 
ns 
2-6 


III 


54F/74F845 
8-Bit Transparent 
Latch 


Features 


• 
TRI-STATE@ 
outputs 


• 
Direct 
replacement 
for AMO's 
Am29845 


General Description 


The 'F845 
bus interface 
latch 
is designed 
to eliminate 
the 
extra 
packages 
required 
to buffer 
existing 
latches 
and pro- 
vide extra data width for wider addressl 
data paths or buses 
carrying 
parity. 


The 
'F845 
is functionally- 
and 
pin-compatible 
with 
AMO's 
Am29845. 


Ordering Code: 
See Section 
5 


Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 
Pin Assignment 
for LCC 


DE, , 
24 
vcc 


OE2 
2 
23 
DE3 


Do 
3 
22 
Do 


D, 
4 
21 
°1 


D2 
5 
20 
°2 


TL/F/9601-3 
D3 
6 
19 
°3 


D. 
7 
18 
0. 


IEEEIIEC 
D5 
8 
17 
°5 


D6 
9 
16 
°6 
DE, 
~ 
10 
15 
°7 
DE2 
CLR 
11 
14 
PRE 


0[3 
GND 
12 
13 
LE 
PRE 


CUi 
TlIF/9601-1 
LE 


Do 
°0 


D, 
°1 


D2 
°2 


D3 
°3 


0. 
0. 


D5 
°5 


D6 
°6 
0., 
°7 


TlIF/9601-5 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


00-07 
Data Inputs 
1.0/1.0 
20 jJ.AI - 0.6 mA 


00-07 
Data Outputs 
150/40 
(33.3) 
-3.0 
jJ.Al24 mA (20 mAl 


OE1-0E3 
Output 
Enables 
1.0/1.0 
20 jJ.AI-0.6 
mA 


LE 
Latch Enable 
1.0/1.0 
20 ",A/-O.6 
mA 
CLR 
Clear 
1.0/1.0 
20 ",AI-0.6 
mA 
PRE 
Preset 
1.0/1.0 
20 ",AI-0.6 
mA 


0., I@ 
0 Do 


CLR II}] 
rn DE2 
GND~ 
m DE, 


NCI!ID 
O]NC 


LEIrn 
I1§lVcc 
PRE I!lJ 
1m6[3 


071rn 
I1§l 00 


\ ~IIUI(JI(JIUIIF 
1I2l@IliIIDII!HlI~ 
°6°5 
0. NC 03 02 01 


TL/F/9601-2 


Functional Description 


The 'F845 
consists 
of eight D-type 
latches 
with TRI-STATE 
outputs. 
The flip-flops 
appear 
transparent 
to the data when 
Latch Enable 
(LE) is HIGH. This allows 
asynchronous 
oper- 
ation 
as the output 
transition 
follows 
the data 
in transition. 


On the LE HIGH-to-LOW 
transition, 
the data that meets the 
setup 
times 
is latched. 
Data appears 
on the bus when 
the 
output 
Enable 
(0 E) is LOW. 
When 
OE is HIGH, 
the 
bus 
output 
is in the high impedance 
state. 


LE 


0[, 


Inputs 
Internal 
Output 
Function 
CLR 
PRE 
OE 
LE 
0 
Q 
0 


H 
H 
H 
X 
X 
X 
Z 
HighZ 


H 
H 
H 
H 
L 
L 
Z 
HighZ 
H 
H 
H 
H 
H 
H 
Z 
HighZ 
H 
H 
H 
L 
X 
NC 
Z 
Latched 
H 
H 
L 
H 
L 
L 
L 
Transparent 
H 
H 
L 
H 
H 
H 
H 
Transparent 
H 
H 
L 
L 
X 
NC 
NC 
Latched 
H 
L 
L 
X 
X 
H 
H 
Preset 
L 
H 
L 
X 
X 
L 
L 
Clear 


L 
L 
L 
X 
X 
H 
H 
Preset 


L 
H 
H 
L 
X 
L 
Z 
Latched 
H 
L 
H 
L 
X 
H 
Z 
Latched 


H = HIGH Voltage Level 
L = LOW Voltage Level 


X = Immaterial 
Z = High Impedance 
NC = No Change 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified devices are required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors for availability and specifications. 
Military 
-55°C 
to + 125°C 
Storage 
Temperature 
- 65°C to + 150°C 
Commercial 
O°Cto 
+ 70°C 


Ambient 
Temperature 
under Bias 
- 55°C to + 125°C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
-55°C 
to + 175°C 
Military 
+ 4.5V to + 5.5V 


Vee Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 


in HIGH State 
(with Vee 
= 
OV) 
Standard 
Output 
-0.5Vto 
Vee 


TRI-STATE 
Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 


in LOW State (Max) 
twice the rated 10L (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


Veo 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = 
-18mA 


VOH 
Output 
HIGH 
54F 10% Vee 
2.5 
10H = 
-1 
mA 


Voltage 
54F 10% Vee 
2.4 
10H = 
-3 
mA 


74F 10% Vce 
2.5 
V 
Min 
10H = 
-1 
mA 


74F 10% Vee 
2.4 
10H = 
-3 
mA 


74F5% 
Vee 
2.7 
10H = 
-1 
mA 


74F 5% Vee 
2.7 
10H = 
-3 
mA 


VOL 
Output 
LOW 
54F 10% Vee 
0.5 
V 
Min 
10L = 20 mA 


Voltage 
74F 10% Vee 
0.5 
10L = 24 mA 


IIH 
Input HIGH 
54F 
20.0 
I-'A 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
I-'A 
Max 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 


leEX 
Output 
HIGH 
54F 
250 
I-'A 
Max 
VOUT = Vee 


Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 
1.91-'A 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
I-'A 
0.0 
VIOO = 
150 mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10lH 
Output 
Leakage 
Current 
50 
I-'A 
Max 
VOUT = 2.7V 


lOlL 
Output 
Leakage 
Current 
-50 
I-'A 
Max 
VOUT = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


III 
Bus Drainage 
Test 
500 
I-'A 
O.OV 
VOUT = 5.25V 


leel 
Power Supply Current 
63 
85 
mA 
Max 
Vo=HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
54F 
74F 


TA = +25°C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
CL = 50pF 
CL = 50 pF 
Units 
No. 
CL = 50pF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
2.5 
4.8 
8.0 
2.0 
9.0 
2-3 
tpHL 
Dn to On 
1.5 
3.6 
6.5 
1.5 
7.0 
ns 


tpLH 
Propagation 
Delay 
5.0 
8.1 
12.0 
4.5 
13.5 
2-3 
tpHL 
LEto 
On 
2.0 
4.4 
7.5 
2.0 
8.0 
ns 


tpLH 
Propagation 
Delay 
3.0 
5.9 
10.0 
2.5 
11.0 
ns 
2-3 
PREtoOn 


tpHL 
Propagation 
Delay 
3.0 
6.5 
10.0 
2.5 
11.0 
2-3 
CLR to On 
ns 


tpZH 
Output 
Enable Time 
2.5 
5.8 
9.5 
2.0 
10.5 


tpZL 
OE to On 
2.5 
7.6 
12.0 
2.0 
13.0 
ns 
2-5 


tpHZ 
Output 
Disable Time 
1.0 
3.1 
7.5 
1.0 
8.5 


tPLZ 
OEtoOn 
1.0 
2.8 
6.5 
1.0 
7.5 
ns 
2-5 


• 


Symbol 
Parameter 
TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Min 
Max 
Min 
Max 
Min 
Max 


ts (H) 
Setup Time, HIGH or LOW 
2.0 
2.5 
2-6 
ts (L) 
Dn to LE 
2.0 
2.5 
ns 


th (H) 
Hold Time, HIGH or LOW 
2.5 
3.0 
2-6 
th (L) 
Dn to LE 
3.0 
3.5 
ns 


tw(H) 
LE Pulse Width, 
HIGH 
4.0 
4.0 
ns 
2-4 


twILl 
PRE Pulse Width, LOW 
5.0 
5.0 
ns 
2-4 


twILl 
CLR Pulse Width, 
LOW 
5.0 
5.0 
ns 
2-4 


tree 
PRE Recovery 
Time 
10.0 
10.0 
ns 
2-6 


tree 
CLR Recovery 
Time 
12.0 
13.0 
ns 
2-6 


~National 
~ 
semiconductor 


54F/74F899 
9-Bit Latchable Transceiver 
with Parity Generator/Checker 


General Description 


The 'F899 
is a 9-bit to 9-bit parity transceiver 
with transpar- 


ent 
latches. 
The 
device 
can 
operate 
as 
a feed-through 
transceiver 
or it can 
generate/check 
parity 
from 
the 
8-bit 
data busses 
in either 
direction. 
It has a guaranteed 
current 
sinking 
capability 
of 24 mA at the A-bus 
and 64 mA at the 
B-bus. 


The 
'F899 
features 
independent 
latch 
enables 
for 
the 
A-to-B 
direction 
and 
the 
B-to-A 
direction, 
a select 
pin for 
ODD/EVEN 
parity, and separate 
error signal output 
pins for 
checking 
parity. 


Features 


• 
Latchable 
transceiver 
with 
output 
sink of 24 mA at the 
A-bus 
and 64 mA at the B-bus 


• 
Option 
to 
select 
generate 
parity 
and 
check 
or 
"feed- 
through" 
data/parity 
in directions 
A-to-B 
or B-to-A 


• 
Independent 
latch 
enables 
for A-to-B 
and 
B-to-A 
direc- 
tions 


• 
Select 
pin for ODD/EVEN 
parity 


• 
ERRA 
and ERRB 
output 
pins for parity checking 


• 
Ability 
to simultaneously 
generate 
and check 
parity 


• 
May 
be 
used 
in systems 
applications 
in place 
of 
the 


'F543 
and 'F280 


• 
May 
be 
used 
in 
system 
applications 
in 
place 
of 
the 


'F657 
and 'F373 
(no need to change 
T fA' to check 
par- 
ity) 


• 
Guaranteed 
4000V 
min ESD protection 


Ordering Code: 
See Section 
5 


Logic Symbol 


Bo 
B, 


OOO/EVEN 


GBA 


GAB 


SEL 


LEA 


LEB 


Pin Assignment 
for PCC 


A7 Ao As A, 
A3 A2 A, 
(j]ijgl!J(ID!IJOO(ID 


APAR Ill! 
0 Ao 


GBA 1!11 
rn LEA 


GNO ~ 
m ERRA 


ERRB Ii]] 
[II 
ODD/EVEN 


SIT Ii§] 
g§ Vcc 


LEB Ill! 
IDl GAB 


BPAR Ml 
g§ Bo 
~JIOOI{JI(JIlW 


[j]]RQI~~BJI~~ 
B7 Bo 85 8, 83 82 8, 


54F/74F 
HIGH/LOW 
Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


Ao-A7 
Data Inputs/ 
1.0/1.0 
20 ",AI-0.6 
mA 
Data Outputs 
150/40 
-3mAl24mA 
Bo-B7 
Data Inputs/ 
1.0/1.0 
20 ",AI - 0.6 mA 
Data Outputs 
600/106.6 
-12mAl64mA 
APAR 
A Bus Parity 
1.0/1.0 
20 ",AI -0.6 
mA 
Input/Output 
150/40 
-3 
mAl24mA 
BPAR 
B Bus Parity 
1.0/1.0 
20 ",AI -0.6 
mA 
Input/Output 
600/106.6 
-12 mAl64 mA 
ODD/EVEN 
Parity Select 
Input 
1.0/1.0 
20 ",AI -0.6 
mA 
GBA,GAB 
Output Enable 
Inputs 
1.0/1.0 
20 ",A/ -0.6 
mA 
SEL 
Mode Select 
Input 
1.011.0 
20 ",AI-0.6 
mA 
LEA, LEB 
Latch Enable 
Inputs 
1.011.0 
20 ",AI - 0.6 mA 
ERRA, ERRB 
Error Signal Outputs 
50/33.3 
-1 
mA/20mA 
• 


Pin Names 
Description 


Ao-A7 
A Bus Data Inputs/Data 
Outputs 


Bo-B7 
B Bus Data Inputs/Data 
Outputs 


APAR, BPAR 
A and B Bus Parity Inputs 


ODD/EVEN 
ODD/EVEN 
Parity Select, 
Active 
LOW for EVEN Parity 


GBA,GAB 
Output 
Enables 
for A or B Bus, 
Active 
LOW 


SEL 
Select 
Pin for Feed-Through 
or 
Generate 
Mode, LOW for Generate 
Mode 
LEA, LEB 
Latch Enables for A and B Latches, 
HIGH for Transparent 
Mode 


ERRA, ERRB 
Error Signals for Checking 
Generated 
Parity with Parity In, 
LOW if Error Occurs 


Functional Description 


The 'F899 
has three 
principal 
modes of operation 
which are 
outlined 
below. 
These 
modes 
apply to both the A-to-B 
and 
B-to-A 
directions. 


- 
Bus A (B) communicates 
to Bus B (A), parity is generat- 
ed and passed 
on to the B (A) Bus as BPAR (APAR). 
If 
LEB (LEA) is HIGH and the Mode Select 
(SEL) is LOW, 
the 
parity 
generated 
from 
B[0:7) 
(A[0:7]) 
can 
be 
checked 
and monitored 
by ERRB (ERRA). 


- 
Bus A (B) communicates 
to Bus B (A) in a feed-through 
mode 
if 
SEL 
is 
HIGH. 
Parity 
is 
still 
generated 
and 
checked 
as ERRA and ERRB in the feed-through 
mode 
(can be used as an interrupt 
to signal 
a data/parity 
bit 
error to the CPU). 


- 
Independent 
Latch 
Enables 
(LEA and LEB) allow 
other 
permutations 
of generating/checking 
(see Function 
Ta- 
ble below). 


Inputs 
Operation 
GAB 
GBA 
SEL 
LEA 
LEB 


H 
H 
X 
X 
X 
Busses A and Bare 
TRI-STATE®. 


H 
L 
L 
L 
H 
Generates 
parity from B[0:7) 
based on OlE 
(Note 1). Generated 
parity 


-+ 
APAR. Generated 
parity checked 
against 
BPAR and output as 
ERRB. 


H 
L 
L 
H 
H 
Generates 
parity from B[0:7) 
based on OlE. 
Generated 
parity 
-+ 
APAR. Generated 
parity checked 
against 
BPAR and output as ERRB. 
Generated 
parity also fed back through 
the A latch for generate/check 
as ERRA. 


H 
L 
L 
X 
L 
Generates 
parity from B latch data based on OlE. 
Generated 
parity 


-+ 
APAR. Generated 
parity checked 
against 
latched 
BPAR and 
output as ERRB. 


H 
L 
H 
X 
H 
BPAR/B[0:7) 
-+ 
APAR/AO:7) 
Feed-through 
mode. Generated 
parity 
checked 
against 
BPAR and output as ERRB. 


H 
L 
H 
H 
H 
BPAR/B[0:7) 
-+ 
APAR/A[0:7) 


Feed-through 
mode. Generated 
parity checked 
against 
BPAR and 
output as ERRB. Generated 
parity also fed back through 
the A latch for 
generate/check 
as ERRA. 


L 
H 
L 
H 
L 
Generates 
parity for A[0:7) 
based on OlE. 
Generated 
parity 
-+ 
BPAR. Generated 
parity checked 
against APAR and output as ERRA. 


L 
H 
L 
H 
H 
Generates 
parity from A[0:7) 
based on OlE. 
Generated 
parity 
-+ 
BPAR. Generated 
parity checked 
against APAR and output as ERRA. 


Generated 
parity also fed back through 
the B latch for generate/ 
check 
as ERRB. 


L 
H 
L 
L 
X 
Generates 
parity from A latch data based on OlE. 
Generated 
parity 


-+ 
BPAR. Generated 
parity checked 
against 
latched 
APAR and 
output as ERRA. 


L 
H 
H 
H 
L 
APAR/A[0:7) 
-+ 
BPAR/B[0:7) 


Feed-through 
mode. Generated 
parity checked 
against 
APAR and 
output as ERRA. 


L 
H 
H 
H 
H 
APAR/A[0:7) 
-+ 
BPAR/B[0:7) 


Feed-through 
mode. Generated 
parity checked 
against APAR and 
output as ERRA. Generated 
parity also fed back through 
the B latch for 
generate/check 
as ERRB. 


H ~ 
HIGH Voltage Level 
L ~ LOW Voltage Level 
X = 
Immaterial 


Nole 1: DiE ~ ODD/EVEN 


;+( n-.",/ /--" "--- 


9-blt 


TRANSPARENT 
lATa< 


9-blt 
Output 
Suffer 


9-blt 
Output 
Suffer 


9-blt 


TRANSPAAEHT 


LJ.TCH 


• 


t:T> 
t:T> 
ClO 
AC Path (Continued) 


0 
SEL 


OlE 
0 


LEA 
(LEB) 


A[o:71 
000 
PARITY 
INPUT 
(B[o:71) 


BPAR 
OUTPUT 
(APAR) 


An ~ 
SPAR 
(Sn ~ 
APAR) 
TLlF/l0195-4 
FIGURE 
2 


OlE 
0 


APAR 
0 


(BPAR) 


LEA 
(LEB) 


A[o:7J 
000 
PARITY 
INPUT 
(B[o:71) 


ERRA 
OUTPUT 
(ERRB) 


An ~ 
ERRA 
(Sn ~ 
ERRS) 
TLlF/l0195-5 
FIGURE 3 


APAR 
(BPAR) 


AlO:71 =>< 


EVEN PARITY 
INPUT 
(BlO:71) 


OlE 
INPUT 


ERRA 
OUTPUT 
(ERRB) 


OlE ~ 
ERRA 
TPLH 


OlE ~ 
ERRS 
TLlF/l0195-6 
FIGURE 
4 


AC Path (Continued) 


SEL 
0 
_ 


APAR 
(BPAR)-v 
EVENPARITY 
---/'\_------ 


BPAR 
(APAR) 


MO:7] 
~ 
(B[O:7]) 
---/".. 
EV_EN_PA_R_ITY 
_ 


APAR 
(BPAR)0------------------------------- 


A(O:7) 
(B(O:7)) 
EVEN 
X 
000 
X 
EVEN 
\ 
td 


\ 
5 


INPUT 


OUTPUT 


TL/F/10195-18 


FIGURE 
7 


ERRB 
(ERRA) 


• 


SEL 1 


GAB 


(GBA) 


OlE 
1 


APAR 
0 
_ 


(BPAR) 
=>< 
EV_E_N_P_A_R_ITY 
_ 


-_/ 
,---_/ 


APAR. Alo:71 
INPUT 
(BPAR. Blo:7J) 


ni(H) 


TS(H), TH(H) 
TS(H) 


LEA -+ APAR, A[O:?] 
TlIF/10195-13 


(LEB -+ BPAR, B[0:7I) 


FIGURE 
12 


LEA 
INPUT 
(LEB) 


APAR. Alo:71 
INPUT 
(BPAR. Blo:7I) 


ni(L) 


TS(L), TH(L) 
TS(L) 


LEA -+ APAR, A[O:?] 
TUF/10195-14 


(LEB -+ BPAR, B[0:7I) 
FIGURE 
13 


LEA 


(LEB) 
INPUT 


APAR. A[0:7] 
(BPAR. B[0:7]) 
INPUT 


BPAR,AIO:71 


(APAR, B[0:71) 
OUTPUT 


TW 


TLIF/10195-17 


FIGURE 
14 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Voltage 
Applied 
to Output 


please 
contact 
the 
National 
Semiconductor 
Sales 
in HIGH State 
(with Vcc = OV) 
Office/Distributors 
for 
availability 
and 
specifications. 
Standard 
Output 
-0.5VtoVcc 


Storage 
Temperature 
- 65'C to + 150'C 
TRI-STATE 
Output 
-0.5V 
to + 5.5V 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Current 
Applied 
to Output 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
in LOW State (Max) 
Twice the Rated IOL (mA) 
ESD Last Passing Voltage 
(Min) 
4000V 
VCC Pin Potential 
to Ground 
Pin 
-0.5Vto 
+7.0V 
Recommended Operating 
Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 
Conditions 
Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Note 1: Absolute 
maximum ratings are values beyond which the device may 
Free Air Ambient 
Temperature 


be damaged 
or have its useful life impaired. 
Functional 
operation 
under 
Military 
- 55'C to + 125'C 


these conditions 
is not implied. 
Commercial 
O'Cto 
+70'C 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
Supply 
Voltage 
Military 
+ 4.5V to + 5.5V 
Commercial 
+ 4.5V to + 5.5V 


DC Electrical Characteristics 


Symbol 
Parameter 
Vcc 
54F174F 
Units 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a 


HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a 


LOW Signal 


VCD 
Input Clamp Diode Voltage 
Min 
-1.2 
V 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
Min 
2.5 
IOH = -1 
mA 


Voltage 
54F 10% Vcc 
Min 
2.4 
IOH = -3mA 


54F 10% Vcc 
Min 
2.0 
IOH = -12 
mA (Bn• BPAR) 


74F 10% Vcc 
2.5 
IOH = -1 
mA 


74F 10% Vcc 
2.4 
V 
IOH = -3mA 


74F 10% Vcc 
2.0 
IOH = -15 
mA (Bn• BPAR) 


74F 5% Vcc 
2.7 
IOH = -1 
mA 


74F 5% Vcc 
2.7 
IOH = -3mA 


VOL 
Output 
LOW 
54F 10% Vcc 
Min 
0.5 
IOL = 20 mA 
Voltage 
(An. APAR. ERRA. ERRB) 


54F 10% VCC 
Min 
0.55 
IOL = 48 mA (Bn• BPAR) 


74F 10% VCC 
0.5 
V 
IOL = 20 mA 


(An. APAR. ERRA. ERRB) 


74F5% 
VCC 
0.5 
IOL = 24 mA 


(An. APAR. ERRA. ERRB) 


74F 10% VCC 
0.55 
IOL = 64 mA (Bn• BPAR) 


VTH 
Input Threshold 
Voltage 
1.45 
V 
±O.W. 
Sweep 
Edge Rate must be> 
W/50 
ns 


VOLV 
Negative 
Ground 
Bounce 
1.0 
V 
Observed 
on "quiet" 
output during 


Voltage 
simultaneous 
switching 
of remaining 
outputs 


VOLP 
Positive 
Ground 
Bounce 
1.0 
V 
Observed 
on "quiet" 
output during 
Voltage 
simultaneous 
switching 
of remaining 
outputs 


IlL 
Input Low Current 
Max 
-0.6 
mA 
VIN = 0.5V 


IIH 
Input HIGH 
54F 
20.0 
f-LA 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
f-LA 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 
(ODD/EVEN. 
GBA. GAB. SEL. LEA. LEB) 


IBVIT 
Input HIGH Current 
54F 
1.0 
mA 
Max 
VIN = 5.5V 
Breakdown 
(I/O) 
74F 
0.5 
(An. Bn• ApAR. BpAR) 


DC Electrical Characteristics 
(Continued) 


Symbol 
Parameter 
Vcc 
54F174F 
Units 
Conditions 
Min 
Typ 
Max 


ICEX 
Output 
HIGH 
54F 
250 
/-LA 
Max 
Your = Vcc 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9/-LA 


Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
/-LA 
0.0 
VI00 = 150mV 


Circuit Current 
All Other Pins Grounded 


IlL 
Input Low Current 
Max 
-0.6 
mA 
VIN = 0.5V 


IIH+ 
Output 
Leakage 
Current 
Vila 
= 2.7V 


10lH 
Current 
Max 
70 
/-LA 
(An, Bn• APAR. BPAR) 


IlL + 
Output 
Leakage 
Current 
Vila 
= 0.5V 


lOlL 
Max 
-650 
/-LA 
(An. Bn• APAR. BPAR) 


10S 
Output Short-Circuit 
Current 
Max 
-60 
-150 
Your = OV 
mA 
(An. APAR, ERRA, ERRB) 


Max 
-100 
-225 
Your = OV (Bn, BPAR) 


III 
Bus Drainage 
Test 
O.OV 
500 
/-LA 
Your = 5.25V 


ICCH 
Power Supply Current 
Max 
132 
155 
mA 
Va = HIGH 


ICCL 
Power Supply Current 
Max 
178 
210 
mA 
Va = LOW. GAB = LOW. 


GBA = HIGH, VIL = LOW 


ICCl 
Power Supply Current 
Max 
160 
190 
mA 
Va = HIGHZ 


AC Electrical Characteristics 


54F174F 
54F 
74F 


TA = +25·C 
TA. Vcc = 
TA. Vcc = 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
Mil 
Com 
Units 


CL = 50 pF 
CL = 50 pF 
CL = 50 pF 
No. 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
4.0 
7.5 
13.0 
4.0 
14.0 


tpHL 
An, APAR to Bn• BPAR 
4.0 
8.5 
13.0 
4.0 
14.0 
ns 
899-1 


tpLH 
Propagation 
Delay 
7.5 
12.0 
17.0 
7.5 
18.0 


tpHL 
An, Bn to BPAR. APAR 
7.5 
12.5 
17.0 
7.5 
18.0 
ns 
899-2 


tpLH 
Propagation 
Delay 
7.5 
12.0 
17.0 
7.5 
18.0 


tpHL 
An, Bn to ERRA, ERRB 
7.5 
12.5 
17.0 
7.5 
18.0 
ns 
899-3 


tpLH 
Propagation 
Delay 
4.5 
7.5 
11.0 
4.5 
12.0 


tpHL 
ODD/EVEN 
to ERRA, ERRB 
4.5 
8.0 
11.0 
4.5 
12.0 
ns 
899-4 


tpLH 
Propagation 
Delay 
4.5 
7.5 
11.5 
4.5 
12.5 


tpHL 
ODD/EVEN 
to APAR, BPAR 
4.5 
8.5 
11.5 
4.5 
12.5 
ns 
899-5 


tpLH 
Propagation 
Delay 
5.5 
9.0 
13.0 
5.5 
14.0 


tpHL 
APAR. BPAR to ERRA, ERRB 
5.5 
9.5 
13.0 
5.5 
14.0 
ns 
899-6 


tpLH 
LEAlLEBto 
9.5 
13.0 
17.5 
7.5 
18.0 


tpHL 
ERRAlERRB 
9.7 
17.5 
7.5 
18.0 
ns 
899-7 • 


· 
..._- 


CL = 50pF 
CL = 50pF 
CL = 50pF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
3.0 
6.0 
10.0 
3.0 
11.0 
899-10 
SEL to APAR, BPAR 
3.0 
7.0 
10.0 
3.0 
11.0 
ns 
tpHL 


tpLH 
Propagation 
Delay 
3.5 
7.0 
10.0 
3.5 
11.0 
899-11 
ns 
tpHL 
LEB to An. APAR 
3.5 
8.0 
10.0 
3.5 
11.0 


tpLH 
Propagation 
Delay 
3.5 
6.5 
10.0 
3.5 
11.0 
899-11 
tpHL 
LEA to Bn• BPAR 
3.5 
7.5 
10.0 
3.5 
11.0 
ns 


tpZH 
Output 
Enable Time 
1.0 
4.5 
10.0 
1.0 
11.0 


tpZL 
GBA or GAB to An. 
1.0 
6.5 
10.0 
1.0 
11.0 
ns 
899-8,9 


APAR or Bn• BPAR 


tpHZ 
Output 
Disable Time 
1.0 
4.0 
7.0 
1.0 
8.0 


tpLZ 
GBA or GAB to An. 
1.0 
4.0 
7.0 
1.0 
8.0 
ns 
899-8.9 


APAR or Bn• BPAR 


ts(H) 
Setup Time, HIGH or LOW 
5.0 
1.6 
5.0 
899-12.13 
ts(L) 
An, Bn to LEA, LEB 
5.0 
1.8 
5.0 
ns 


th(H) 
Hold Time. HIGH or LOW 
0 
-1.7 
0 
899-12.13 
th(L) 
An. Bn to LEA, LEB 
0 
-1.5 
0 
ns 


tw 
Pulse Width for LEA. LEB 
6.0 
2.0 
6.0 
ns 
899-14 


~National 
~ 
semiconductor 


54F/74F968 
1 Mbit Dynamic RAM Controller 


General Description 


The 'F96B is a high performance 
memory 
controller, 
replac- 


ing many SSI and MSI devices 
by grouping 
several 
unique 
functions. 
It provides 
two 10-bit address 
latches 
and two 10- 


bit counters 
for row and column 
address 
generation 
during 
refresh. 
A 2-bit 
bank 
select 
latch 
for row and column 
ad- 
dress generation 
during refresh 
and a 2-bit bank select latch 
for the two 
high order 
address 
bits are provided 
to select 
one of the four RAS and CAS outputs. 


Features 


• 
Provides 
control 
for 
16k, 
64k, 
256k 
or 
1 Mbit 
DRAM 
systems 


• 
Outputs 
directly 
drive up to BB DRAMs 


• 
Chip select 
for easy expansion 


• 
Provides 
memory 
refresh 
with error correction 
mode 


• 
52-pin 
plastic 
leaded 
chip carrier 


Ordering Code: 
See Section 
5 
Logic Symbol 


• 


AR3[IjJ 


AC3~ 


AR.~ 


AC.~ 


GND(ECL)~ 


LE~ 


ARslm 


ACS~ 


AR6~ 


AC6~ 


AR71IiJ 


AC7~ 


ARa~ 


Pin Assignment 
forPCC 


AC2 AR2 AC1 AR1 ACo ARo llSEL cs CASI RASa CASo RAS, CAS1 
~ 
I.Wli!l1W II!l [j§][j] II] II1l [j] IIQI[[][KJ 


~~~Im~~HQ]~~~~~~ 
ACa ARg ACgSELosEL1 MC1 MCo RASlCAS3RAS3~~Og 


moo 
II]01 


@]02 
1Il03 


[I]o. 


I1JGND(m) 


[j]OE 


~ 
Vcc(TTL) 


~VCC(ECL) 
~os 


~06 
~O] 


1£10a 


Unit Loading/Fan 
Out: 
See Section 
2 for U.L. definitions 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


ACO-AC9 
Column Address 
Inputs 
1.0/1.0 
20 IJoA/- 0.6 mA 


ARo-AR9 
Row Address 
Inputs 
1.0/1.0 
20 IJoA/-0.6 
mA 


MCo, MC, 
Mode Control 
Inputs 
1.0/1.0 
20 1JoA/-0.6 
mA 


CS 
Chip Select 
Input 
1.0/1.0 
20 1JoA/- 0.6 mA 


MSEL 
Multiplexer 
Select 
Input 
1.0/1.0 
20 1JoA/-0.6 
mA 


LE 
Latch Enable 
Input 
1.0/1.0 
20 1JoA/-0.6 
mA 
SELo, SEL, 
Bank Select 
Inputs 
1.0/1.0 
20 1JoA/-0.6 
mA 
RASI 
Row Address 
Strobe 
In 
1.0/1.0 
20 1JoA/-0.6 
mA 


CAS I 
Column 
Address 
Strobe 
In 
1.0/1.0 
2OIJoA/-0.6mA 
DE 
Output 
Enable 
1.0/1.0 
20 1JoA/-0.6 
mA 
RASo-RAS:l 
Row Address 
Strobe Outputs 
150/1.667 
-3 
mA/1.0 
mA 


CASo-CAS3 
Column Address 
Strobe Outputs 
150/1.667 
-3 
mA/1.0 
mA 
00-09 
Address 
Outputs 
150/1.667 
-3mA/1.0mA 


Pin Description 


Name 
I/O 
Description 


ARo-AR9 
I 
Address 
Inputs. ARo-AR9 
are latched 
in as the 10-bit Row Address 
for the RAM. These 
inputs drive 
ACO-AC9 
00-09 when the 'F968 is in the Read/Write 
mode and MSEL is LOW. ACO-AC9 
are latched 
in as the 
Column Address, 
and will drive 00-09 when MSEL is HIGH and the 'F968 is in the Read/Write 
mode. The 
addresses 
are latched 
with the Latch Enable 
(LE) signal. 


SELo-SEL, 
I 
Bank Select. 
These two inputs are normally 
the two higher order address 
bits, and are used in the 
Read/Write 
mode to select which bank of memory 
will be receiving 
the RASn and CASn signals 
after RASI 
and CAS I go HIGH. 


LE 
I 
Latch Enable. This active-HIGH 
input causes the Row, Column and Bank Select 
latches to become 
transparent. 
allowing 
the latches to accept 
new input data. A LOW input on LE latches 
the input data, 


assuming 
it meets the setup and hold time requirements. 


MSEL 
I 
Multiplexer 
Select. 
This input determines 
whether 
the Row or Column Address 
will be sent to the memory 
address 
inputs. When MSEL is HIGH the Column Address 
is selected, 
while the Row Address 
is selected 
when MSEL is LOW. The address 
may come from either the address 
latch or refresh 
address 
counter 
depending 
on MCo, MC,. 


CS 
I 
Chip Select. 
This active-LOW 
input is used to enable the 'F968. When CS is active, the 'F968 operates 
normally 
in all four modes. 
When CS goes HIGH, the device will not enter the Read/Write 
mode. This 
allows other devices 
to access 
the same memory 
that the 'F968 is controlling 
(e.g., DMA controller). 


DE 
I 
Output 
Enable. 
This active-LOW 
input enables/disables 
the output signals. When OE is HIGH, the outputs 
of the 'F968 enter the high impedance 
state. The OE signal allows 
more than one 'F968 to control 
the 
same memory, 
thus providing 
an easy method 
to expand 
the memory 
size. 


MCo, MC, 
I 
Mode Control. 
These inputs are used to specify 
which of the four operating 
modes the 'F968 should 
be 
using. The description 
of the four operating 
modes is given in the Mode Control 
Function 
Table. 


00-09 
a 
Address 
Outputs. 
These address 
outputs 
will feed the DRAM address 
inputs and provide 
drive for 
memory 
systems 
up to 500 pF in capacitance. 


RASI 
I 
Row Address 
Strobe 
Input. During normal memory 
cycles, the decoded 
RASn output 
(RASa. RAS" 


RAS2 or RAS3) is forced 
LOW after receipt of RASI. In either refresh 
mode, all four RASn outputs 
will go 
LOW following 
RASI going HIGH. 


RASo-RAS3 
a 
Row Address 
Strobe. 
Each one of the Row Address 
Strobe 
outputs 
provides 
a RASn signal to one of the 
four banks of dynamic 
memory. 
Each will go LOW only when selected 
by SELo and SEL, 
and only after 
RASI goes HIGH. All four go LOW in response 
to RASI in either of the Refresh 
modes. 


CASI 
I 
Column 
Address 
Strobe 
Input. This input going active will cause the selected 
CASn output to be forced 
LOW. 


CASo-CAS3 
a 
Column Address 
Strobe. 
During normal 
Read/Write 
cycles the two select bits (SELo, SEL,) 
determine 
which CASn output will go active following 
CASI going HIGH. When memory 
error correction 
is performed, 


only the CASn signal selected 
by CNTRo and CNTR, 
will be active. For non-error 
correction 
cycles, all four 
CASn outputs 
remain HIGH. 


Functional Description 


The 74F968 
is a 1 Mbit DRAM controller 
which is functional- 
A 10-bit multiplexer 
selects 
the output 
address 
between 
the 
Iy equivalent 
to 
AMD's 
Am29368. 
The 
74F968 
provides 
input row address, 
column 
address, 
refresh 
counter 
row ad- 
row/column 
address 
multiplexing, 
refresh 
address 
genera- 
dress, 
column 
address, 
or zero 
(clear). 
Four RAS and four 
tion and bank selection 
for up to four banks 
of RAMs. 
CAS 
outputs 
select 
the 
appropriate 
bank 
of 
RAMs 
and 


Twenty-two 
(22) 
address 
bits 
(ARo-ARg, 
ACO-ACg 
and 
strobe 
in the row and column 
addresses. 


bank 
select 
addresses 
SELo and 
SEL,) 
are presented 
to 
It should 
be noted that the counters 
are cleared 
(MCo, MC, 
the 
controller. 
These 
addresses 
are 
latched 
by a 22-bit 
= 1, 1) on the next RASI transition, 
but the a outputs 
are 
latch. A 22-bit counter 
generates 
the refresh 
address. 
asynchronously 
cleared 
through 
the multiplexer. 


Mode Control 
Function 
Table 


MC, 
MCa 
Operating 
Mode 


Refresh 
without 
Error Correction- 
Refresh 
cycles are performed 
with only the Row Counter 
being 


L 
L 
used to generate 
addresses. 
In this mode, all four RASn outputs 
are active while the four CASn signals 
are kept HIGH. 


Refresh 
with Error Correction/Initialize- 
During this mode, refresh 
cycles are done with both the 
Rowand 
Column 
counters 
generating 
the addresses. 
MSEL is used to select between 
the Rowand 


L 
H 
Column 
counter. 
All four RASn outputs 
go active in response 
to RASI, while only one CASn output 
goes 
LOW in response 
to CASI. The Bank Counter 
keeps track of which CASn output will go active. This 
mode of operation 
is possible 
when supported 
by an error detection/correction 
circuit such as the 
'F632. 


Read/Write- 
This mode is used to perform 
Read/Write 
cycles. 
Both the Rowand 
Column 
addresses 


H 
L 
are latched 
and multiplexed 
to the address 
output lines using MSEL; SELo and SEL, 
are decoded 
to 
determine 
which RASn and CASn will be active. 


Clear Refresh 
Counter- 
This mode will clear the three refresh 
counters 
(Row, Column 
and Bank) on 
the HIGH-to-LOW 
transition 
of RASI, putting them at the start of the refresh 
sequence. 
In this mode, all 


H 
H 
four RASn outputs 
are driven LOW upon receipt of RASI so that DRAM wake-up 
cycles are performed. 


This mode also asynchronously 
clears the an outputs. 


H - 
HIGH VoltageLevel 
L ~ LOWVoltageLevel 


Address 
Output 
Function 
Table 


CS 
MC, 
MCo 
MSEL 
Mode 
MUXOutput 


L 
L 
X 
Refresh 
without 
Error Correction 
Row Counter 
Address 


L 
H 
H 
Refresh 
with Error Correction 
Column 
Counter 
Address 


L 
L 
Row Counter 
Address 


H 
L 
H 
Read/Write 
Column Address 
LatCh 


L 
Row Address 
Latch 


H 
H 
X 
Clear Refresh 
Counter 
Zero 


L 
L 
X 
Refresh 
without 
Error Correction 
Row Counter 
Address 


L 
H 
H 
Refresh 
with Error Correction 
Column 
Counter 
Address 


H 
L 
Row Counter 
Address 


H 
L 
X 
Read/Write 
Zero 


H 
H 
X 
Clear Refresh 
Counter 
Zero 


H - 
HIGH VoltageLevel 
L = LOW Voltage Level 


X = Immaterial 


RAS Output 
Function 
Table 


RASI 
CS 
MCl 
MCa 
SELl 
SElo 
Mode 
RASa 
RASl 
RAS2 
RAS3 


L 
X 
X 
X 
X 
X 
Non-Refresh 
H 
H 
H 
H 


L 
L 
X 
X 
Refresh 
without 
Error Correction 
L 
L 
L 
L 


L 
H 
X 
X 
Refresh 
with Error Correction 
L 
L 
L 
L 


L 
L 
Read/Write 
L 
H 
H 
H 


L 
L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
L 
H 
H 
L 
H 


H 
H 
H 
H 
H 
L 


H 
H 
X 
X 
Clear Refresh 
Counter 
L 
L 
L 
L 


L 
L 
X 
X 
Refresh 
without 
Error Correction 
L 
L 
L 
L 


H 
L 
H 
Refresh 
with Error Correction 
L 
L 
L 
L 


H 
L 
Read/Write 
H 
H 
H 
H 


H 
H 
Clear Refresh 
Counter 
L 
L 
L 
L 


CAS Output 
Function 
Table 


Inputs 
Internal 
Counter 
Inputs 
Outputs 


CASI 
CS 
MCl 
MCa 
CNTRl 
CNTRa 
SELl 
SElo 
CASa 
CASl 
CAS2 
CAS3 


L 
L 
X 
X 
X 
X 
H 
H 
H 
H 


L 
L 
L 
H 
H 
H 


L 
H 
L 
H 
X 
X 
H 
L 
H 
H 


H 
L 
H 
H 
L 
H 


L 
H 
H 
H 
H 
H 
L 


L 
L 
L 
H 
H 
H 


H 
L 
X 
X 
L 
H 
H 
L 
H 
H 


H 
L 
H 
H 
L 
H 


H 
H 
H 
H 
H 
H 
L 


H 
H 
X 
X 
X 
X 
H 
H 
H 
H 


L 
L 
X 
X 
X 
X 
H 
H 
H 
H 


L 
L 
L 
H 
H 
H 


L 
H 
L 
H 
X 
H 
L 
H 
H 
X 
H 
H 
L 
H 
H 
L 
H 


H 
H 
H 
H 
H 
L 


H 
L 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 


L 
X 
X 
X 
X 
X 
X 
X 
H 
H 
H 
H 


RAS 
RASO- 
RAS3 


BANK 
4 


LATCH 
CNTRO 
SELO 
CNTR1 


SELl 
BANK 
COUNTER 
2 


CLR 


CAS 
CASO- 
CAS3 
4 


COLUt.lN 
COUNTER 


CLR 
10 


10 


t.lULTIPLEXER 
10 


10 
00 - 09 


10 


ROW 
COUNTER 


CLR 
CLR 


Memory Cycle Timing 


The relationship 
between 
the 'F968 
specifications 
and sys- 
tem 
timing 
requirements 
is shown 
in Figures 
1-6. T1, T2 
and T3 represent 
the minimum 
timing 
requirements 
at the 
'F968 
inputs to guarantee 
that the RAM timing requirements 


are 
met 
and 
that 
maximum 
system 
performance 
is 
achieved. 


The minimum 
requirement 
for T1, T2 and T3 are as follows: 


T1 Min = tASR + tskew 


T2 Min = tRAH + tskew 


T3 Min = T2 + tskew + tAse. 


See 
RAM 
data 
sheet 
for applicable 
values 
for tRAH, tAse 
and tASR. 


,---------- 


~Et ••ORY CYCLE TI~ING 
---------------------------------------------------- 
RASI/CASI 
PULSE 
WIDTHS 


ARn,ACn :::>E: 
_ 


____ 
~C 


CASn 
------ 


Note A: Guaranteed 
maximum difference 
between fastest RASI to RASn delay and the slowest An to an deray on any single device. 


Note B: Guaranteed 
maximum difference 
between fastest MSEL to an delay and the slowest RASI to RASn delay on any single device. 


Note C: Guaranteed 
maximum difference 
between fastest CASI to CASn delay and the slowest MSEL to an delay on any single device. 
• 


_____________________StAsc 


CASn 
----------- 


MCn=:x 
_ 


XXXX 
ROW REFRESH ADDRESS VALID 
COLUMN REFRESHAOORESSVAW 


1 
0 
B 


-/- 


-/- 
----tTh 


C 


CASn 
--------- 


Note B: Guaranteed 
maximum difference 
between fastest MSEL to an delay and the slowest RASI to RASn delay on any single device. 


Note C: Guaranteed 
maximum difference 
between fastest CASI to CASn delay and the slowest MSEL to On delay on any single device. 


Note 0: Guaranteed 
maximum difference 
between fastest RASI to RASn delay and the slowest Men to an delay on any single device. 


tolC"::x 
tol_C"_=_o_, 
_ 


tolC" 
* 
tol_C_"_=_o_o 
_ 


~,~~ 
~\=s=-\\~s_~ 
_ 


• 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Current 
Applied 
to Output 


please 
contact 
the 
National 
Semiconductor 
Sales 
in LOW State (Max) 
twice the rated tOL (mA) 


Office/Distributors 
for availability 
and specifications. 
Note 
1: Absolute 
maximum 
ratings afe values beyond which the device may 


Storage 
Temperature 
- 65'C to + 150'C 
be damaged or have its useful life impaired. Functional operation under 
these conditions 
is not implied. 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Note 
2: Either voltage 
limit or current 
limrt is sufficient to protect inputs. 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 


VCC Pin Potential 
to 
Recommended 
Operating 


Ground 
Pin 
-0.5Vto 
+7.0V 
Conditions 
Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 
Free Air Ambient 
Temperature 
Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 
Military 
- 55'C to + 125'C 


Voltage 
Applied 
to Output 
Commercial 
O'Cto 
+70'C 


in HIGH State 
(with Vcc = OV) 
Supply 
Voltage 
Standard 
Output 
-0.5Vto 
Vcc 
Military 
+ 4.5V to + 5.5V 
3-State 
Output 
-0.5V 
to + 5.5V 
Commercial 
+ 4.5V to + 5.5V 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
- 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA 


Voltage 
54F 10% Vcc 
2.4 
10H = -3 
mA 


74F 10% Vcc 
2.5 
V 
Min 
10H = -1 
mA 


74F 10% Vcc 
2.4 
10H = -3 
mA 


74F5% 
Vcc 
2.7 
10H = -1 
mA 


74F5% 
Vcc 
2.7 
10H = -3mA 


VOL 
Output 
LOW 
54F 10% Vcc 
0.5 
10L = 1.0mA 


Voltage 
54F 10% Vcc 
0.8 
V 
Min 
10L = 12mA 


74F 10% Vcc 
0.5 
10L = 1.0mA 


74F 10% Vcc 
0.8 
10L = 12mA 


IIH 
Input HIGH 
54F 
20.0 
p.A 
Max 
VIN = 2.7V 


Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
p.A 
Max 
VIN = 7.0V 


Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
p.A 
Max 
Your 
= Vcc 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9 p.A 


Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
p.A 
0.0 
VIOO = 150 mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10lH 
Output 
Leakage 
Current 
50 
p.A 
Max 
Your 
= 2.7V 


lOlL 
Output 
Leakage 
Current 
-50 
p.A 
Max 
Your 
= 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
Your 
= OV 


III 
Buss Drainage 
Test 
500 
p.A 
O.OV 
Your 
= 5.25V 


ICCH 
Power Supply Current 
300 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
300 
mA 
Max 
Vo = LOW 


ICCl 
Power Supply Current 
300 
mA 
Max 
Vo = HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 


TA = +25'C 
TA. Vcc = Com 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
CL = 50 pF 
CL = 500pF* 


Units 
No. 
CL = 50pF 


Min 
Typ 
Max 
Mln 
Max 
Min 
Typ 
Max 


tpLH 
Propagation 
Delay 
3.0 
7.0 
11.0 
2.5 
12.0 
19.0 
2-3 
ns 
tpHL 
AR to On 
3.0 
7.0 
11.0 
2.5 
12.0 
22.0 


tpLH 
Propagation 
Delay 
3.0 
7.0 
11.0 
2.5 
12.0 
19.0 
2-3 
ns 
tpHL 
ACto 
On 
3.0 
7.0 
11.0 
2.5 
12.0 
22.0 


tpLH 
Propagation 
Delay 
3.5 
8.0 
12.0 
3.0 
13.0 
23.0 
2-3 
RASI to'i"lASn 
3.5 
7.0 
12.0 
3.0 
13.0 
20.0 
ns 
tpHL 


tpLH 
Propagation 
Delay 
1.0 
6.0 
8.0 
1.0 
8.5 
19.0 
2-3 
CAS I toCASn 
1.0 
4.0 
8.0 
1.0 
8.5 
17.0 
ns 
tpHL 


tpLH 
Propagation 
Delay 
3.0 
9.0 
13.0 
2.5 
14.0 
24.0 
2-3 
tpHL 
MSEL to On 
3.0 
8.0 
13.0 
2.5 
14.0 
21.0 
ns 


tpLH 
Propagation 
Delay 
4.0 
10.0 
15.0 
3.5 
16.0 
25.0 
2-3 
tpHL 
MCn to On 
4.0 
9.0 
15.0 
3.5 
16.0 
22.0 
ns 


tPLH 
Propagation 
Delay 
3.5 
11.0 
17.5 
3.0 
18.5 
24.0 
2-3 
tpHL 
MCnto 
RASn 
3.5 
8.0 
17.5 
3.0 
18.5 
22.0 
ns 


tpLH 
Propagation 
Delay 
4.0 
8.0 
12.5 
3.5 
13.5 
23.0 


tpHL 
MCn toCASn 
4.0 
9.0 
12.5 
3.5 
13.5 
21.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
4.0 
10.0 
15.0 
3.5 
16.0 
25.0 


tpHL 
LEto 
RASn 
4.0 
9.0 
15.0 
3.5 
16.0 
24.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
5.0 
9.0 
13.5 
4.5 
14.5 
24.0 


tpHL 
LEtoCASn 
5.0 
9.0 
13.5 
4.5 
14.5 
24.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
3.5 
8.0 
12.0 
3.0 
13.0 
23.0 


tpHL 
LEtoOn 
3.5 
7.0 
12.0 
3.0 
13.0 
22.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
3.0 
10.0 
14.5 
3.0 
15.5 
25.0 


tpHL 
CStoOn 
3.0 
8.0 
14.5 
3.0 
15.5 
23.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
3.5 
8.0 
13.0 
3.0 
14.0 
23.0 


tpHL 
CSto 
RASn 
3.5 
8.0 
13.0 
3.0 
14.0 
23.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
4.0 
8.0 
11.5 
3.5 
12.5 
23.0 


tpHL 
CSto 
CASn 
4.0 
8.0 
11.5 
3.5 
12.5 
23.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
4.0 
9.0 
15.5 
3.5 
16.0 
24.0 


tpHL 
SELnto 
RASn 
4.0 
8.0 
15.5 
3.5 
16.0 
23.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
4.5 
9.0 
14.5 
4.0 
15.5 
24.0 


tpHL 
SELn toCASn 
4.5 
9.0 
14.5 
4.0 
15.5 
24.0 
ns 
2-3 


·These 
values are given for typical derivative with a 500 pF load; these are not guaranteed 
specifications. 


AC Electrical Characteristics 
(Continued): 
See Section 
2 for Waveforms 
and Load Configurations 


74F 


TA = +2SoC 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
VCC = +S.OV 
Cl = SOpF 
Units 
No. 
Cl = SOpF 


Min 
Typ 
Max 
Min 
Max 


tpHZ 
Output 
Disable Time 
1.0 
5.0 
9.5 
1.0 
10.0 
2-5 
OE to On 
1.0 
4.0 
9.5 
1.0 
10.0 
ns 
tPlZ 


tPZH 
Output 
Enable Time 
1.0 
5.0 
9.5 
1.0 
10.0 
2-5 
OE to On 
1.0 
6.0 
9.5 
1.0 
10.0 
ns 
tpZL 


tpHZ 
Output 
Disable Time 
1.0 
5.0 
9.5 
1.0 
10.0 
2-5 
tPlZ 
OEto 
RASn 
1.0 
4.0 
9.5 
1.0 
10.0 
ns 


tpZH 
Output 
Enable Time 
1.0 
5.0 
9.5 
1.0 
10.0 
2-5 
OEto 
RASn 
1.0 
6.0 
9.5 
1.0 
10.0 
ns 
tpZL 


tpHZ 
Output 
Disable Time 
1.0 
5.0 
9.5 
1.0 
10.0 


tpLZ 
OEtoCASn 
1.0 
4.0 
9.5 
1.0 
10.0 
ns 
2-5 


tpZH 
Output 
Enable Time 
1.0 
5.0 
9.5 
1.0 
10.0 


tpZL 
OEto 
CASn 
1.0 
6.0 
9.5 
1.0 
10.0 
ns 
2-5 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 


Symbol 
Parameter 
TA = +2SoC 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Min 
Max 
Mln 
Max 


ts(H) 
Setup Time, HIGH or LOW 
5.0 
5.0 


ts(L) 
An to LE 
5.0 
5.0 
ns 
2-6 


th(H) 
Hold Time, HIGH or LOW 
5.0 
5.0 
th(L) 
An to LE 
5.0 
5.0 
ns 
2-6 


ts(H) 
Setup Time, HIGH or LOW 
5.0 
5.0 
ts(L) 
SEL to LE 
5.0 
5.0 
ns 
2-6 


th(H) 
Hold Time, HIGH or LOW 
5.0 
5.0 


\ 


th(L) 
SEL to LE 
5.0 
5.0 
ns 
2-6 


tw(H) 
Pulse Width, 
HIGH or LOW 
15.0 
15.0 
tw(L) 
CASn, RASn 
15.0 
15.0 
ns 
2-4 


tskew 
On to CASn, RASn 
10.0 
10.0 
ns 


~National 
~ 
semiconductor 


54F/74F2241e54F/74F2244 
Octal Buffers/Line 
Drivers with 250 Series 
Resistors in Outputs 


General Description 
The 'F2241 and 'F2244 are octal buffers and line drivers 
designed to drive the capacitive inputs of MOS memory driv- 
ers, address drivers, clock drivers and bus-oriented trans- 
mitters/ receivers. 
The 250 series resistors in the outputs reduce ringing and 
eliminate the need for external resistors. 


Features 
• 
TRI-STATE~ outputs drive bus lines or buffer memory 
address registers 
• 
12 mA source current 
• 
250 series resistors in outputs eliminate the need for 
external resistors. 


• 
Designed to drive the capacitive inputs of MOS devices 
• 
Guaranteed 4000V minimum ESD protection 


IEEE/IEC 
'F2241 
IEEEIIEC 


'F2244 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/IIL 


HIGH/LOW 
Output 
IOH/IOL 


OE1, OE2 
TRI-STATE 
Output 
Enable Input (Active 
LOW) 
1.0/1.667 
20 JLA/-l 
mA 


OE2 
TRI-STATE 
Output 
Enable Input (Active 
HIGH) 
1.0/1.667 
20 JLA/-l 
mA 


lan,lbn 
Inputs 
1.0/2.667' 
20 JLA/-l.6 
mA 


°an,Obn 
Outputs 
750/20 
-15mA/12mA 


OEl 
Ian 
Oan 
OE2 
Ibn 
°bn 


H 
X 
Z 
L 
X 
Z 


L 
H 
H 
H 
H 
H 


L 
L 
L 
H 
L 
L 


OEl 
Ian 
Oan 
OE2 
Ibn 
°bn 


H 
X 
Z 
H 
X 
Z 


L 
H 
H 
L 
H 
H 


L 
L 
L 
L 
L 
L 


H ~ 
HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 
Supply 
Voltage 
Junction 
Temperature 
under Bias 
-55·C 
to + 175·C 
Military 
+ 4.5V to + 5.5V 


VCC Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with VCC = OV) 
Standard 
Output 
-0.5Vto 
VCC 


TRI-STATE 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute maximum ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 


these 
conditions 
is not implied. 


Note 
2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% VCC 
2.4 
10H = -3 
mA 
Voltage 
54F 10% VCC 
2.0 
10H = -12mA 
74F 10% VCC 
2.4 
V 
Min 
10H = -3mA 
74F 10% VCC 
2.0 
10H = -15mA 
74F 
5% VCC 
2.7 
10H = -3mA 


VOL 
Output 
LOW 
0.50 
V 
Min 
10L = 1 mA 
Voltage 
0.75 
10L = 12 mA 


IIH 
Input HIGH 
54F 
20.0 
!LA 
Max 
VIN = 2.7V 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
!LA 
Max 
VIN = 7.0V 
Breakdown 
Test 
74F 
7.0 


ICEX 
Output 
HIGH 
54F 
250 
!LA 
Max 
VOUT = VCC 
Leakage 
Current 
74F 
50 


VIO 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9 !LA 
Test 
All other pins grounded 


100 
Output 
Leakage 
74F 
3.75 
!LA 
0.0 
VIOO = 150 mV 
Circuit Current 
All other pins grounded 


IlL 
Input LOW Current 
-1.0 
mA 
Max 
VIN = 0.5V (OE1. OE2, OE2) 


-1.6 
VIN = 0.5V (In) 


10lH 
Output 
Leakage 
Current 
50 
!LA 
Max 
VOUT = 2.7V 


lOlL 
Output 
Leakage 
Current 
-50 
!LA 
Max 
VOUT = 0.5V 


10S 
Output Short-Circuit 
Current 
-100 
-225 
mA 
Max 
VOUT = OV 


ICCH 
Power Supply Current 
40 
60 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
60 
90 
mA 
Max 
Vo = LOW 


ICCl 
Power Supply Current 
60 
90 
mA 
Max 
Vo = HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2S"C 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
CL = SOpF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
1.5 
7.0 
2.0 
6.5 
1.5 
7.0 
2-3 
tpHL 
Data to Output 
2.5 
8.0 
2.0 
7.0 
2.0 
8.0 
ns 


tpZH 
Output 
Enable Time 
1.5 
9.0 
2.0 
7.0 
1.0 
9.5 


tpZL 
2.5 
11.5 
2.0 
8.5 
2.5 
12.0 
2-5 
ns 


tpHZ 
Output 
Disable Time 
1.5 
9.0 
2.0 
7.0 
1.0 
9.5 


tpLZ 
1.5 
8.5 
2.0 
7.5 
1.5 
9.5 


'?A National 
~ 
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54F/74F2243 
Quad Bus Transceiver with 250. Series 
Resistors in the Outputs 


General Description 


The 'F2243 
is a quad bus transmitter/receiver 
which can be 
used 
for 4-line 
asynchronous 
2-way 
data 
communications 
between 
data busses. 
It is designed 
to drive the capacitive 
inputs 
of MaS 
memory 
drivers, 
address 
drivers, 
clock 
driv- 
ers, and bus-oriented 
transmitters/receivers. 


The 25n 
series 
resistors 
in the outputs 
reduce 
ringing 
and 
eliminate 
the need for external 
resistors. 


Features 


• 
25n 
series 
resistors 
in outputs 
eliminate 
the 
need 
for 
external 
resistors 


• 
2-Way 
asynchronous 
data bus communication 


• 
TRI-STATE<!> outputs 


• 
12 mA source 
current 


• 
Designed 
to drive the capacitive 
inputs 
of MaS 
devices 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


Pin Assignment 
for DIP 


- , 
E, 


NC 2 


Ao3 


A, • 
A 
5 
2 
A 
6 
3 


GND 
7 


54F174F 


Pin Names 
Description 
U.L. 
Input IIH/lIL 
HIGH/LOW 
Output 
IOH/lOL 


E1 
Enable 
Input (Active 
LOW) 
1.0/1.67 
20 /LA!-1 
mA 


E2 
Enable 
Input (Active HIGH) 
1.0/1.67 
20 /LA!-1 
mA 


An, Bn 
Inputs 
3.5/2.67 
70 /LA!-1.6 
mA 


Outputs 
750/20 
-15 
mA/12 
mA 


Inputs 
Inputs/Outputs 


E1 
E2 
An 
Bn 


L 
L 
Input 
B=A 


L 
H 
N/A 
N/A 


H 
L 
Z 
Z 


H 
H 
A=B 
Input 


H ~ 
HIGH Voltage Level 
L ~ 
LOW Voltage Level 


Z ~ High Impedance 


NI A ~ Not Allowed 
• 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5Vto 
+7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 


Standard 
Output 
-0.5Vto 
Vcc 


TRI-STATE 
Output 
-0.5Vto 
+5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


ESD Last Passing Voltage 
(Min) 
4000V 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these 
conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.4 
10H = - 3 mA (An. Bn) 


Voltage 
54F 10% Vcc 
2.0 
10H = - 12 mA (An. Bn) 


74F 10% VCC 
2.4 
V 
Min 
10H = - 3 mA (An. Bn) 


74F 10% VCC 
2.0 
10H = - 15 mA (An. Bn) 


74F 
5% VCC 
2.7 
10H = - 3 mA (An. Bn) 


VOL 
Output 
LOW 
0.50 
V 
Min 
10L = 1 mA (An, Bn) 


Voltage 
0.75 
10L = 12 mA (An. Bn) 


IIH 
Input HIGH Current 
j 
20 
/LA 
Max 
VIN = 2.7V (Ej. 
E2) 


IBVI 
Input HIGH Current 
100 
/LA 
Max 
VIN = 7.0V (El. E2) 


Breakdown 
Test 


IBVIT 
Input HIGH Current 
1.0 
mA 
Max 
VIN = 5.5V (An. Bn) 


Breakdown 
Test (I/O) 


IlL 
Input LOW Current 
-1.0 
mA 
Max 
VIN = 0.5V (Ej. 
E2) 


IIH + 10lH 
Output 
Leakage 
Current 
70 
/LA 
Max 
VOUT = 2.7V (An. Bn) 


IlL + lOlL 
Output 
Leakage 
Current 
-1.6 
mA 
Max 
VOUT = 0.5V (An. Bn) 


10S 
Output Short-Circuit 
Current 
-100 
-225 
mA 
Max 
VOUT = OV (An. Bn) 


ICEX 
Output 
HIGH Leakage 
Current 
250 
/LA 
Max 
VOUT = VCC 


ICCH 
Power Supply Current 
64 
80 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
64 
90 
mA 
Max 
Vo = LOW 


ICCl 
Power Supply Current 
71 
90 
mA 
Max 
Vo = HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2SoC 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
CL = SOpF 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


tplH 
Propagation 
Delay 
1.5 
7.0 
1.5 
7.0 
1.5 
7.0 
2-3 
ns 
tpHl 
An to Bn• Bn to An 
2.5 
8.0 
2.0 
8.0 
2.0 
8.0 


tpZH 
Output 
Enable Time 
1.5 
9.0 
1.0 
9.5 
1.0 
9.5 


tpZl 
E1 to Bn• E2 to An 
2.5 
11.5 
2.5 
12.0 
2.5 
12.0 
2-5 
ns 
tpHZ 
Output 
Disable Time 
1.5 
9.0 
1.0 
9.5 
1.0 
9.5 


tpLZ 
E1 to Bn• E2 to An 
1.5 
8.5 
1.5 
9.5 
1.5 
9.5 
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54F /7 4F2620 
• 54F /7 4F2623 
Inverting Octal Bus Transceiver 
with 250 Series Resistors in the Outputs 


General Description 


These devices 
are octal bus transceivers 
designed 
for asyn- 
chronous 
two-way 
data flow between 
the A and B busses. 


These 
devices 
are functionally 
equivalent 
to the 'F620 
and 


'F623. 
The 2511 series 
resistors 
in the outputs 
reduce 
ring- 
ing and eliminate 
the need for external 
resistors. 
Both bus- 
ses 
are capable 
of sinking 
12 mA, 
sourcing 
15 mA, 
and 
have TRI-STATE 
outputs. 
Dual enable 
pins (GAB, GBA) 
al- 


low data transmission 
from the A bus to the B bus or from 
the B bus to the A bus. The 'F2620 
is an inverting 
option 
of 
the 'F2623. 


Features 


• 
2511 series 
resistors 
in the 
outputs 
eliminate 
the 
need 
for external 
resistors. 


• 
Designed 
for asynchronous 
two-way 
data 
flow 
between 
busses 


• 
Outputs 
sink 12 mA and source 
15 mA 


• 
Dual enable 
inputs 
control 
direction 
of data flow 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


• 
'F2620 
is an inverting 
option 
of the 'F2623 


Ordering Code: 
See Section 
5 


Logic Symbol 


54F174F 


Pin Names 
Description 
U.L. 
Input 
IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


GBA, GAB 
Enable 
Inputs 
1.0/1.0 
20 J!A/-0.6 
mA 


Ao-A7 
A Inputs or 
3.5/0.667 
70 J!A/- 
0.4 mA 


TRI-STATE 
Outputs 
750/20 
-15 
mA/12 
mA 


Bo-B7 
B Inputs or 
3.5/0.667 
70 J!A/-0.4 
mA 


TRI-STATE 
Outputs 
750/20 
-15 
mA/12 
mA 


Pin Assignment 
for 
DIP, SOIC and Flatpak 


GAB 
1 


Ao 
2 


AI 
3 


A2 
• 


A3 
5 


A. 
6 


A5 
7 


A6 
8 


A7 
9 


GND 
10 


20 
Vee 


19 
GBA 


18 
Bo 


17 
B1 


16 
B2 


15 
B3 
1. 
B. 


13 
B5 


12 
B6 


11 
B7 


Pin Assignment 
for 
LCC 


~A,;A.A3~ 
[ID[l][ID[I]GJ 
G~~:O~~ 
B71I]J 
OJ GAB 


B61W 
f1Q]Vcc 
Bsli] 
[IDCBA 


f81!m[ID[ZJ@I 


B. B3 ~ 
B, Bo 


Functional Description 


The 
enable 
inputs 
GAB 
and GBA 
control 
whether 
data 
is 
transmitted 
from the A bus to the B bus or from the B bus to 
the A bus. If both GBA 
and GAB are disabled 
(GBA 
HIGH 
and GAB low), the outputs 
are in the high impedance 
state 
and data 
is stored 
at the A and 
B busses. 
When 
GBA 
is 
active 
(LOW), 
B data 
is sent 
to the A bus. When 
GAB 
is 
active 
(HIGH), 
data from 
the A bus is sent to the B bus. If 
both enable 
inputs are active (GBA LOW and GAB HIGH) B 
data is sent to the A bus while A data is sent to the B bus. 


Enable 
Inputs 
Operation 


GBA 
GAB 
'F2620 
'F2623 


L 
L 
B Data to A Bus 
B Data to A Bus 


H 
H 
Ii. Data to B Bus 
A Data to B Bus 


H 
L 
Z 
Z 


L 
H 
B Data to A Bus, 
B Data to A Bus, 


Ii. Data to B Bus 
A Data to B Bus 


H - 
HIGH Voltage Level 


L ~ LOW Voltage Level 
Z = High Impedance 


'7 


TlIF/I0628-4 


Please note that this diagram is provided only for the understanding 
of logic operations 
and should not be used to estimate 
propagation 
delays. 


TLIF/10628-5 


Please note that this diagram is provided only 10r the understanding 
of logic operations and should not be used to estimate propagation 
delays. 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Voltage 
Applied 
to Output 


please 
contact 
the 
National 
Semiconductor 
Sales 
in HIGH State 
(with VCC = OV) 


Office/Distributors 
for availability 
and specifications. 
Standard 
Output 
-O.SVtoVCC 


Storage 
Temperature 
- 6S'C to + 1S0'C 
TRI-STATE 
Output 
- O.SV to + S.SV 


Ambient 
Temperature 
under Bias 
- SS'C to + 12S'C 
Current 
Applied 
to Output 


Junction 
Temperature 
under Bias 
- SS'C to + 17S'C 
in LOW State (Max) 
twice the rated IOL (mA) 


VCC Pin Potential 
to 
ESD Last Passing Voltage 
(Min) 
4000V 


Ground 
Pin 
-O.SVto 
+7.0V 
Recommended 
Operating 


Input Voltage 
(Note 2) 
-O.SVto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to + S.O mA 
Conditions 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
Free Air Ambient 
Temperature 


be damaged or have its useful life impaired. Functional operation under 
Military 
-SS'C 
to + 12S'C 


these 
conditions 
is not implied. 
Commercial 
O'Cto 
+70'C 


Note 
2: Either 
voltage 
limit 
or current 
limit 
is sufficient 
to protect 
inputs. 
Supply 
Voltage 
Military 
+ 4.SV to + S.SV 
Commercial 
+ 4.SV to + s.sv 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Min 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA (Non I/O Pins) 


VOH 
Output 
HIGH 
S4F 10% VCC 
2.0 
10H = -12 
mA (An. Bn) 


Voltage 
74F 10% VCC 
2.0 
V 
Min 
10H = -15 
mA (An. Bn) 


VOL 
Output 
LOW 
0.5 
V 
Min 
10L = 1.0 mA (An. Bn) 


Voltage 
0.75 
10L = 12 mA (An, Bn) 


IIH 
Input HIGH 
S4F 
20.0 
,...A 
Max 
Current 
74F 
5.0 
VIN = 2.7V (Non I/O Pins) 


IBVI 
Input HIGH Current 
54F 
100 


Breakdown 
Test 
74F 
7.0 
,...A 
Max 
VIN = 7.0V (Non I/O Pins) 


IBVIT 
Input HIGH Current 
54F 
1.0 


Breakdown 
Test (I/O) 
74F 
0.5 
mA 
Max 
VIN = S.5V (An. Bn) 


ICEX 
Output 
HIGH 
54F 
250 
,...A 
Max 
Leakage 
Current 
74F 
50 
VOUT = VCC 


VID 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9,...A 


Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.7S 
,...A 
0.0 
VI00 = 150mV 
Circuit Current 
All Other Pins Grounded 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V (Non I/O Pins) 


IIH + 
10lH 
Output 
Leakage 
Current 
70 
,...A 
Max 
VOUT = 2.7V (An, Bn) 


IlL + lOlL 
Output 
Leakage 
Current 
-650 
,...A 
Max 
VOUT = 0.5V (An, Bn) 


108 
Output Short-Circuit 
Current 
-100 
-225 
mA 
Max 
VOUT = OV 


III 
Bus Drainage 
Test 
500 
,...A 
O.OV 
VOUT = 5.25V 


ICCH 
Power Supply Current 
('F2620) 
82 
mA 
Max 
Va = HIGH. VIN = 0.2V 


ICCL 
Power Supply Current 
('F2620) 
82 
mA 
Max 
Va = LOW 


ICCl 
Power Supply Current 
('F2620) 
95 
mA 
Max 
Va = HIGHZ 


ICCH 
Power Supply Current 
('F2623) 
82 
mA 
Max 
Va = HIGH 


ICCL 
Power Supply Current 
('F2623) 
82 
mA 
Max 
Va = LOW. VIN = 0.2V 


ICCl 
Power Supply Current 
('F2623) 
95 
mA 
Max 
Va = HIGHZ 


74F 
S4F 
74F 


TA = +2S"C 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc 
= +S.OV 
Units 


CL = SOpF 
CL = 50 pF 
CL = SOpF 
No. 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
2.5 
7.5 
2.0 
8.0 


tpHL 
A Input to B Output 
('F2620) 
3.0 
8.0 
3.0 
8.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
2.5 
7.5 
2.0 
8.0 
2-3 
tpHL 
B Input to A Output 
('F2620) 
3.0 
8.0 
3.0 
8.0 
ns 


tpLH 
Propagation 
Delay 
1.5 
6.5 
1.5 
7.5 
2-3 
tpHL 
A Input to B Output 
('F2623) 
2.5 
7.5 
2.5 
8.0 
ns 


tpLH 
Propagation 
Delay 
1.5 
6.5 
1.5 
7.5 


tpHL 
B Input to A Output 
('F2623) 
2.5 
7.5 
2.5 
8.0 
ns 
2-3 


tpZH 
Enable Time 
2.0 
7.0 
2.0 
8.0 


tpZL 
GBA Input to A Output 
2.5 
8.0 
2.0 
8.5 
, 
ns 
2-5 


tpHZ 
Disable Time 
1.5 
6.5 
1.5 
7.5 


tpLZ 
GBA Input to A Output 
1.0 
5.5 
1.0 
5.5 


tpZH 
Enable Time 
2.0 
7.5 
2.0 
8.5 


tpZL 
GAB Input to B Output 
('F2620) 
3.0 
8.0 
2.0 
8.5 
ns 
2-5 
tpHZ 
Disable Time 
2.5 
8.0 
2.0 
9.0 


tpLZ 
GAB Input to B Output 
('F2620) 
2.0 
7.5 
2.0 
8.0 


tpZH 
Enable Time 
2.0 
7.5 
2.0 
8.5 


tpZL 
GAB Input to B Output 
('F2623) 
2.5 
8.0 
2.0 
8.5 
ns 
2-5 
tpHZ 
Disable Time 
2.0 
8.0 
2.0 
9.0 


tpLZ 
GAB Input to B Output 
('F2623) 
2.0 
8.0 
2.0 
8.0 


• 


Lt)v~ ~National 
~ 
~ 
semiconductor 
CD 
N 
~ 
54F /7 4F2640 
• 54F /7 4F2643 
• 54F /7 4F2645 
v 
~ 
Octal Bus Transceiver with 25.0.Series Resistors in the 
Outputs 


General Description 


These 
devices 
are octal bus transceivers 
designed 
for asyn- 


chronous 
two-way 
data flow between 
the A and 8 busses. 


These 
devices 
are 
functionally 
equivalent 
to 
the 
'F640, 


'F643, 
and 'F645. 
The 25!l. 
series 
resistors 
in the outputs 
reduce 
ringing and eliminate 
the need for external 
resistors. 


80th 
busses 
are capable 
of sinking 
12 mA, sourcing 
15 mA, 


have TRI-STATE 
outputs, 
and a common 
output enable 
pin. 


The direction 
of data flow is determined 
by the transmit/re- 
ceive 
(T/R) 
input. The 'F2640 
is an inverting 
version 
of the 


'F2645. 
The 'F2643 
has a noninverting 
A bus and an invert- 
ing 8 bus. The 'F2645 
is a low power 
version 
of the 'F245 
with 25!l. series 
resistors 
in the outputs. 


Ordering Code: 
See Section 
5 


Logic Symbol 


Features 


• 
25!l. 
series 
resistors 
in the outputs 
eliminates 
the 
need 
for external 
resistors 


• 
Designed 
for asynchronous 
two-way 
data flow 
between 
busses 


• 
Outputs 
sink 12 mA and source 
15 mA 


• 
Transmit/receive 
(T/R) 
input 
controls 
the 
direction 
of 
data flow 


• 
Guaranteed 
4000V 
minimum 
ESD protection 


• 
'F2645 
is a low 
power 
version 
of the 
'F245 
with 
25!l. 
series 
resistors 
in the outputs 


• 
'F2640 
is an inverting 
option 
of the 'F2645 


• 
'F2643 
has noninverting 
A bus and inverting 
8 bus 


54F174F 


Pin Names 
Description 
U.L. 
Input 
IIH/IIL 
HIGH/LOW 
Output 
IOH/IOL 


OE 
Output 
Enable 
Input 
1.0/1.0 
20 I'-Al-0.6 mA 
(Active 
LOW) 


T/R 
Transmit/Receive 
Input 
1.0/1.0 
20 I'-Al-0.6 mA 


Ao-A7 
Side A Inputs or 
3.5/0.667 
70 I'-A/ -0.4 
mA 


TRI-STATE 
Outputs 
750/20 
-15 mAl12 mA 


80-87 
Side 8 Inputs or 
3.5/0.667 
70 I'-A/ -0.4 
mA 


TRI-STATE 
Outputs 
750/20 
-15 
mA/12 
mA 


Pin Assignment 
for 
DIP, SOIC and Flatpak 


T/R 
1 


Ao 
2 


Al 
3 


A2 
4 


A3 
5 


A, 
6 


As 
7 


A6 
8 


A7 
9 


GND 
10 


20 
Vcc 
19 
OE 


18 
Bo 
17 
B1 


16 
B2 


15 
B3 


14 
B, 


13 
Bs 


12 
B6 


11 
B7 


Pin Assignment 
for LCC and PCC 


~AsA,A3A2 
[[][I][IDrnG] 


A7 []] 


GND IIQJ 


B7 []] 


B61W 
Bslill 


mAl 
mAo 
ITlT/R 
@I Vcc 
1iID0E 


~~Iffili1l{j]] 


B, 
B3 ~ 
B1 So 


Functional Description 


The output 
enable 
(OE) is active 
LOW. If the device 
is dis- 
abled 
(OE HIGH), 
the 
outputs 
are in the 
high 
impedance 
state. 
The 
transmit/receive 
input 
(T/A) 
controls 
whether 
data is transmitted 
from the A bus to the B bus or from the B 
bus to the A bus. When T/A is LOW, B data is sent to the A 
bus. If T/A is HIGH, A data is sent to the B bus. 


Inputs 
Outputs 


OE 
T/R 
'F2640 
'F2643 
'F2645 


L 
L 
Bus B data to Bus A 
Bus B data to Bus A 
Bus B data to Bus A 


L 
H 
Bus A data to Bus B 
Bus A data to Bus B 
Bus A data to Bus B 


H 
X 
Z 
Z 
Z 


H ~ High voltage level 
L = Low voltage level 


X = Don't care 
Z = High·impedance 
state 


OE 


T/R 


•• 
B, 
B, 
B, 
B, 
B. 
B, 
B, 


TL/F/10629-4 


'F2643 
... 
" 
" 
" 
" 
" 


OE 


TIIi 


B, 
., 
., 
., 
B. 
B, 
., 


TUF/10629-5 


'F2645 


" 
" 
" 
" 
" 


Absolute Maximum Ratings 
(Note 1) 


If 
MllltarylAerospace 
specified 
devices 
are 
required, 
Current 
Applied 
to Output 


please 
contact 
the 
National 
Semiconductor 
Sales 
in LOW State (Max) 
twice the rated 10L (mA) 


OfflcelDlstrlbutors 
for availability 
and specifications. 
ESD Last Passing Voltage 
(Min) 
4000V 


Storage 
Temperature 
-65°C 
to + 150°C 
Note 
1: Absolute maximum ratings are values beyond which the device may 


Ambient 
Temperature 
under Bias 
- 55°C to + 125°C 
be damaged or have its useful Iffe impaired. Functional operation under 


these 
conditions 
is not implied. 


Junction 
Temperature 
under Bias 
- 55°C to + 175°C 
Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


VCC Pin Potential 
to 
Recommended 
Operating 
Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 
Conditions 
Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 
Free Air Ambient 
Temperature 
Voltage 
Applied 
to Output 
Military 
-55°C 
to + 125°C 


in HIGH State 
(with VCC = OV) 
Commercial 
OOCto +700C 
Standard 
Output 
-0.5Vto 
Vcc 
Supply 
Voltage 
TRI-STATE 
Output 
-0.5Vto 
+5.5V 
Military 
+ 4.5V to + 5.5V 
Commercial 
+ 4.5V to + 5.5V 


DC Electrical Characteristics 


Symbol 
Parameter 
54F/74F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCO 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA (Non 1/0 Pins) 


VOH 
Output 
HIGH 
54F10% 
VCC 
2.0 
V 
Min 
10H = -12 
mA (An. Bn) 
Voltage 
74F 10% VCC 
2.0 
10H = -15 
mA (An. Bn) 


VOL 
Output 
LOW 
74F 10% VCC 
0.50 
V 
Min 
10L = 1 mA (An. Bn) 
Voltage 
74F 10% VCC 
I 
0.75 
10L = 12 mA (An. Bn) 


IIH 
Input HIGH 
54F 
20.0 
p.A 
Max 
V,N = 2.7V (Non 1/0 Pins) 
Current 
74F 
5.0 


IBVI 
Input HIGH Current 
54F 
100 
p.A 
Max 
VIN = 7.0V (Non 1/0 Pins) 
Breakdown 
Test 
74F 
7.0 


IBVIT 
Input HIGH Current 
54F 
1.0 
mA 
Max 
VIN = 5.5V (An. Bn) 
Breakdown 
(1/0) 
74F 
0.5 


ICEX 
Output 
HIGH 
54F 
250 
p.A 
Max 
VOUT = VCC 
Leakage 
Current 
74F 
50 


V,O 
Input Leakage 
74F 
4.75 
V 
0.0 
110= 1.9 p.A 
Test 
All Other Pins Grounded 


100 
Output 
Leakage 
74F 
3.75 
p.A 
0.0 
VIOO = 150 mV 
Circuit Current 
. 
All Other Pins Grounded 


IlL 
Input LOW Current 
, 
-0.6 
mA 
Max 
VIN = 0.5V (Non 1/0 Pins) 


IIH + 
10lH 
Output 
Leakage 
Current 
70 
p.A 
Max 
VOUT = 2.7V (An. Bn) 


IlL + lOlL 
Output 
Leakage 
Current 
-650 
p.A 
Max 
VOUT = 0.5V (An. Bn) 


10S 
Output Short-Circuit 
Current 
-100 
-225 
mA 
Max 
VOUT = OV 
III 
Bus Drainage 
Test 
500 
p.A 
O.OV 
VOUT = 5.25 


ICCH 
Power Supply Current 
('F2640) 
82 
mA 
Max 
Va = HIGH. VIN = 0.2V 


ICCL 
Power Supply Current 
('F2640) 
82 
mA 
Max 
Va = LOW 


ICCl 
Power Supply Current 
('F2640) 
95 
mA 
Max 
Va = HIGHZ 


'CCH 
Power Supply Current 
('F2643) 
. 


82 
mA 
Max 
Va = HIGH. VIN = 0.2V (An) 


ICCL 
Power Supply Current 
('F2643) 
82 
mA 
Max 
Va = LOW. V,N = 0.2V (Bn) 


ICCl 
Power Supply Current 
('F2643) 
95 
mA 
Max 
Va = HIGHZ 


ICCH 
Power Supply Current 
('F2645) 
82 
mA 
Max 
Va = HiGH 


leCL 
Power Supply Current 
('F2645) 
82 
mA 
Max 
Va = LOW. VIN = 0.2V 


'CCl 
Power Supply Current 
('F2645) 
95 
mA 
Max 
Va = HIGHZ 


'F2640 AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2SoC 
TA. VCC 
~ 
Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SO pF 
CL = SO pF 
Units 
No. 
CL = SOpF 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
2.5 
7.5 
2.0 
8.0 
2-3 
ns 
tpHL 
A Input to B Output 
2.5 
7.5 
2.5 
7.5 


tpLH 
Propagation 
Delay 
2.5 
7.5 
2.0 
8.0 
2-3 
ns 
tPHL 
B Input to A Output 
2.5 
7.5 
2.5 
7.5 


tpZH 
Enable Time 
2.5 
7.5 
2.0 
9.0 


tpZL 
OE 
Input to A Output 
2.5 
8.0 
2.0 
8.5 
2-5 
ns 
tpHZ 
Disable Time 
1.5 
7.0 
1.0 
7.5 


tpLZ 
OE Input to A Output 
1.5 
6.0 
1.5 
6.0 


tpZH 
Enable Time 
2.5 
7.5 
2.0 
9.0 


tpZL 
OE Input to B Output 
2.5 
8.0 
2.0 
8.5 
2-5 
ns 
tpHZ 
Disable Time 
1.5 
6.5 
1.0 
7.5 


tpLZ 
OE Input to B Output 
1.5 
6.0 
1.5 
6.0 


'F2643 AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


74F 
S4F 
74F 


TA = +2SoC 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Units 


CL = SOpF 
CL = SOpF 
CL = SOpF 
No. 


Min 
Typ 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
2.5 
7.5 
2.0 
8.0 


tpHL 
A Input to B Output 
2.5 
7.5 
2.5 
7.5 
ns 
2-3 


tpLH 
Propagation 
Delay 
2.5 
7.0 
2.5 
8.0 


tpHL 
B Input to A Output 
2.5 
7.5 
2.5 
8.0 
ns 
2-3 


tpZH 
Enable Time 
2.5 
8.0 
2.0 
9.0 


tpZL 
OE 
Input to A Output 
2.5 
8.5 
2.0 
8.5 
ns 
2-5 
tpHZ 
Disable Time 
1.5 
7.0 
1.0 
8.0 


tpLZ 
OE Input to A Output 
1.0 
5.5 
1.0 
5.5 


tpZH 
Enable Time 
2.5 
7.5 
2.0 
9.0 


tpZL 
OE Input to B Output 
2.5 
8.0 
2.0 
8.5 
ns 
2-5 
tpHZ 
Disable Time 
1.5 
6.5 
1.0 
7.5 


tpLZ 
OE Input to B Output 
1.5 
6.0 
1.5 
6.0 


• 


II)..,. 
CD 
'F2645 AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 
('II 
• 
C') 
74F 
S4F 
74F 
..,. 
CD 
TA = +2S 


OC 
('II 
TA. Vcc = Mil 
TA. Vcc = Com 
Fig. 
• 
Symbol 
Parameter 
Vcc = +S.OV 
CL = SOpF 
CL = SOpF 
Units 
No. 
0 
CL = SOpF 
..,. 
CD 
Mln 
Typ 
Max 
Mln 
Max 
Min 
Max 
('II 


tpLH 
Propagation 
Delay 
1.5 
6.0 
1.5 
7.0 
2-3 
tpHL 
A Input to B Output 
2.5 
7.5 
2.5 
8.0 
ns 


tpLH 
Propagation 
Delay 
1.5 
6.0 
1.5 
7.0 


tpHL 
B Input to A Output 
2.5 
7.5 
2.5 
8.0 
ns 
2-3 


tpZH 
Enable Time 
2.5 
8.0 
2.0 
9.0 


tpZL 
OE 
Input to A Output 
2.5 
8.5 
2.0 
8.5 
ns 
2-5 
tpHZ 
Disable Time 
1.5 
7.0 
1.0 
8.0 


tpLZ 
OE Input to A Output 
1.0 
5.5 
1.0 
5.5 


tpZH 
Enable Time 
2.5 
7.5 
2.0 
9.5 


tpZL 
DE Input to B Output 
2.5 
8.5 
2.5 
9.0 
2-5 
ns 
tpHZ 
Disable Time 
1.5 
6.5 
1.0 
7.5 


tpLZ 
OE Input to B Output 
1.0 
6.5 
1.0 
6.5 


Basic FAST Circuit Showing 
Series Resistor 
Placement 


Vcc 


29F52e29F53 
8-Bit Registered Transceiver 


General Description 


The 29F52 and 29F53 are a-bit registered 
transceivers. 
Two 
a-bit back to back registers 
store data flowing 
in both direc- 
tions 
between 
two 
bidirectional 
buses. 
Separate 
clock, 
clock 
enable 
and 
TRI-STATE@ 
output 
enable 
signals 
are 
provided 
for each register. 
The Ao-A7 
output 
pins are guar- 
anteed 
to sink 24 mA (20 mA mil.) while 
the Bo-B7 
output 
pins are designed 
for 64 mA. 


The 29F53 
is an inverting 
option 
of the 29F52. 
Both trans- 
ceivers 
are AMD Am2952/2953 
functional 
equivalents. 


Features 


• 
a-bit registered 
transceivers 


• 
Separate 
clock, 
clock 
enable 
and 
TRI-STATE 
output 
enable 
provided 
for each 
register 


• 
AMD Am2952/2953 
functional 
equivalents 


• 
Both inverting 
and non-inverting 
options 
available 


• 
24-Pin 
slimline 
package 


IEEE/IEC 
29F52 
IEEE/IEC 
29F53 


Ao 
Bo 
Ao 
80 
A, 
B, 


A2 
B2 
A, 
81 


A3 
B3 
A2 
82 


A4 
B4 
A3 
83 


A5 
B5 
A4 
84 


A6 
B6 
A5 
85 


A7 
B7 
A6 
86 
A7 
87 • 


TLIF/9606-4 


TLIF/9606-5 


M 
It') 
LL 
Connection 
Diagrams 
(Continued) 
Q) 
C'l• 
Pin Assignment 
Pin Assignment 
C'l 
It') 
for DIP, SOIC and Flatpak 
for DIP, SOIC and Flatpak 
LL 
29F52 
29F53 
Q) 
C'l 


B7 
1 
24 
Vcc 
87 
1 
24 
Vcc 


B6 
2 
23 
A7 
86 
2 
23 
A7 


Bs 
3 
22 
A6 
8s 
3 
22 
A6 


B4 
4 
21 
As 
84 
4 
21 
As 


B3 
5 
20 
A4 
83 
5 
20 
A4 


B2 
6 
19 
A3 
82 
6 
19 
A3 


B1 
7 
18 
A2 
81 
7 
18 
A2 


Bo 
8 
17 
A, 
80 
8 
17 
Al 


OEB 
9 
16 
Ao 
OEB 
9 
16 
Ao 


CPA 
10 
15 
OEA 
CPA 
10 
15 
OEA 


CEA 
11 
14 
CPB 
CEA 
11 
14 
CPB 


GND 
12 
13 
CEB 
GND 
12 
13 
CEB 


TLiF/9606-2 
Tl/F/9606-B 


Pin Assignment 
Pin Assignment 
for LCC and PCC 
for 
LCC and PCC 
29F52 
29F53 


OEB Bo 
B, 
NC B2 B3 B4 
OEB Bo 8, 
NC 82 B3 B4 
II] IIQJI]] [!][Z] [§J[§] 
1I]1IQJ1]][§J11J[§J[§] 


CPA [j1) 
[1JBs 
CPA [j1) 
GJ 8s 


CEA [j}J 
III B6 
CEA [j}J 
III 86 


GND [gJ 
rn 87 
GND [gJ 
rn 87 


NC~ 
[j] NC 
NC~ 
[j] NC 


CEB 1m 
@I Vcc 
CEB 1m 
@I Vcc 
CPB [j] 
[!] A7 
CPB [j] 
[!] A7 


OEA 1m 
@I A6 
OEA 1m 
@I A6 
• 
1m@I[ljJIllI[~H~§ 
1m@I[ljJIllI~~§ 


Ao 
Al 
A2 
NC A3 
A4 
As 
Ao 
Al 
A2 NC A3 
A4 
As 


Tl/F/9606-3 
Tl/F/9606-9 


Unit Loading/Fan 
Out: 
See Section 
2 for U.L. definitions 


54F174F 


Pin Names 
Description 
U.L. 
Input 
IIH/lIL 


HIGH/LOW 
Output 
IOH/IOL 


Ao-A7 
A-Register 
Inputsl 
3.5/1.083 
70 ",AlO.65 mA 


B-Register 
TR I-STATE Outputs 
150/40 (33.3) 
-3 mA/24 mA (20 mAl 


Bo-B7 
B Register 
Inputsl 
3.5/1.083 
70 ",AlO.65 mA 


A-Register 
TRI-STATE 
Outputs 
600/106.6 (80) 
-12 mA/64 mA (48 mAl 


OEA 
Output Enable A-Register 
1.0/1.0 
20 ",AI-0.6 
mA 


CPA 
A-Register 
Clock 
1.0/1.0 
20 ",AI-0.6 
mA 


CEA 
A-Register 
Clock Enable 
1.0/1.0 
20 ",AI- 0.6 mA 


OEB 
Output 
Enable B-Register 
1.0/1.0 
20 ",AI-0.6 
mA 
CPB 
B-Register 
Clock 
1.0/1.0 
20 ",AI -0.6 
mA 
CEB 
B-Register 
Clock Enable 
1.0/1.0 
20 ",AI - 0.6 mA 


.A 
.......,. 


CE 
CP 
N 


DO 
00 
..., 


N 


1 
0, 
0, 
11 


0, 
0, 
N 
..., 


03 
N 
03 
..., 


Register A 
N 
o. 
o. 
..., 


O. 
o. 
N 
..., 


O. 
O. 
N 
..., 


0, 
07 


_ 
N 


, 
V 


-<0- 
00 
Do 


L-....<0-0, 
0, 
0- 0, 
0, 
0- 03 
03 
0- 


Reglst., 
B 


O. 
0• 


.. 


O. 
O. 
'" 
.. 


O. 
O. 
'" 
.. 
07 
07 


'" 
CE 
CP 


_ •.... 


N 
CD 
"T1 
U1 
N• 
N 
CD 
"T1 
U1 
Co) 


OEB 


Bo 


B, 


B, 


B3 


B. 


B. 


B. 


a, 


en 
ill 
N 


Ao 


A, 


A2 


A, 


A. 


A5 


A. 


A7 


1 I 


CE 
CP 
N 
Do 
°0 
..., 


0, 
0, 
rJ..., 


O2 
°2 
N 
•... 


, 


03 
°3 --{ 


Register 
A 
N 
o. 
0. 
..., 


05 
°5 
N 
11 


o. 
0.4 
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°7 
•... 
V 


-«tl- 
°0 
DO 
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0, 
r 
°2 
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~ 
0, 
03 


Register 
B 
r 
0. 
o. 
r 
°5 
05 
r 
0. 
O. 
r 
°7 
0., 


CE 
CP 


0 
•••••• 
II 


·V 


OE 
Internal 
Y·Output 
Function 
Q 
29F52 
29F53 


H 
X 
Z 
Z 
Disable Outputs 


L 
L 
L 
H 
Enable Outputs 


L 
H 
H 
L 


H ~ HIGH Voltage Level 


L ~ 
LOW Vol'age 
Level 


X = Immaterial 


Z ~ HIGH Impedance 


.../ 
~ 
LOW-la-HIGH 
Transition 


NC ~ 
No Change 


Inputs 
Internal 
Function 
0 
CP 
CE 
Q 


X 
X 
H 
NC 
Hold Data 


L 
-./ 
L 
L 
Load Data 


H 
-./ 
L 
H 


Absolute Maximum Ratings 
(Note 1) 
Recommended Operating 


If 
MIlitary/Aerospace 
specified 
devices 
are 
required, 
Conditions 
please 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for 
availability 
and 
specifications. 
Military 
-55·C 
to + 125·C 
Storage 
Temperature 
- 65·C to + 150·C 
Commercial 
O·Cto 
+70·C 


Ambient 
Temperature 
under Bias 
-55·C 
to + 125·C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
-55·C 
to + 175·C 
Military 
+ 4.5V to + 5.5V 


Vcc 
Pin Potential 
to 
Commercial 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 


Input Voltage 
(Note 2) 
-0.5V 
to + 7.0V 


Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vcc = OV) 
Standard 
Output 
-0.5VtoVcc 


TRI-STATE 
Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated 10L (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged 
or have its useful 
life impaired. 
Functional 
operation 
under 
these conditions 
is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


VIL 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18 
mA (Non I/O Pins) 


VOH 
Output 
HIGH 
54F 10% Vcc 
2.5 
10H = -1 
mA(An) 
Voltage 
54F 10% Vcc 
2.4 
10H = -3 
mA (An. Bn) 
54F 10% VCC 
2.0 
10H = -12mA(Bn) 
74F 10% VCC 
2.5 
V 
Min 
10H = -1 
mA(An) 
74F 10% VCC 
2.4 
10H = -3 
mA (An. Bn) 
74F 10% VCC 
2.0 
10H = - 15 mA (Bn) 
74F5% 
VCC 
2.7 
10H = -1 
mA (An) 
74F 5% VCC 
2.7 
10H = - 3 mA (An. Bn) 


VOL 
Output 
LOW 
54F 10% VCC 
0.5 
10L = 20 mA (An) 
Voltage 
54F 10% Vcc 
0.55 
V 
Min 
10L = 48 mA (Bn) 


74F 10% Vcc 
0.5 
10L = 24 mA (An) 
74F 10% VCC 
0.55 
10L = 64 mA (Bn) 


IIH 
Input HIGH Current 
20 
/-LA 
Max 
VIN = 2.7V (Non-I/O 
Pins) 


lavi 
Input HIGH Current 
100 
/-LA 
Max 
VIN = 7.QV (Non-I/O 
Pins) 
Breakdown 
Test 


laVIT 
Input HIGH Current 
1.0 
mA 
Max 
VIN = 5.5V (An, Bn) 
Breakdown 
Test (I/O) 


IlL 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V (Non-I/O 
Pins) 


IIH + 10ZH 
Output 
Leakage 
Current 
70 
/-LA 
Max 
VOUT = 2.7V (An. Bn) 


IlL + 10ZL 
Output 
Leakage 
Current 
-650 
/-LA 
Max 
VOUT = 0.5V (An. Bn) 


10S 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max' 
VOUT = OV (An) 


-100 
-225 
VOUT = OV (Bn) 


ICEX 
Output 
HIGH Leakage 
Current 
250 
/-LA 
Max 
VOUT = VCC (An. Bn) 


Izz 
Bus Drainage 
Test 
500 
/-LA 
O.OV 
VOUT = 5.25V (An. Bn) 


ICCH 
Power Supply Current 
130 
190 
mA 
Max 
Vo = HIGH 


ICCL 
Power Supply Current 
190 
mA 
Max 
Vo = LOW 


Iccz 
Power Supply Current 
190 
mA 
Max 
Vo = HIGHZ 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and load 
Configurations 


74F 
54F 
74F 


TA = +25'C 
TA. VCC = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc = +5.0V 
Cl = 50pF 
Cl = 50pF 
Units 
No. 
Cl = 50pF 


Mln 
Typ 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
3.0 
5.5 
7.5 
2.5 
8.5 
2-3 
tpHL 
CPA or CPB to An or Bn 
4.0 
7.0 
9.0 
3.5 
10.0 
ns 


tpZH 
Output 
Enable Time 
2.5 
5.5 
7.5 
2.0 
8.5 
2-5 
tpZL 
OEA or OEB to An or Bn 
3.5 
7.0 
9.5 
3.0 
10.5 
ns 


tpHZ 
Output 
Disable Time 
2.5 
6.5 
9.0 
2.0 
10.0 
2-5 
tpLZ 
OEA or OEB to An or Bn 
2.5 
5.5 
7.5 
2.0 
8.5 
ns 


AC Operating Requirements: 
See Section 
2 for Waveforms 


74F 
54F 
74F 


Symbol 
Parameter 
TA = +25'C 
TA,VCC = Mil 
TA, Vcc = Com 
Units 
Fig. 


Vcc = +5.0V 
No. 


Mln 
Max 
Mln 
Max 
Mln 
Max 


ts(H) 
Setup Time, HIGH or lOW 
4.0 
4.5 


ts(L) 
An or Bn to CPA or CPB 
4.0 
4.5 
ns 
2-6 


th(H) 
Hold Time, HIGH or lOW 
2.0 
2.5 
2-6 
th(l) 
An or Bn to CPA or CPB 
2.0 
2.5 
ns 


ts(H) 
Setup Time, HIGH or lOW 
1.0 
1.5 
2-6 
ts(l) 
CEA or CEB to CPA or CPB 
4.0 
4.5 
ns 


th(H) 
Hold Time, HIGH or lOW 
2.0 
2.5 
th(l) 
CEA or CEB to CPA or CPB 
2.0 
2.5 
ns 
2-6 


tw(H) 
Pulse Width, HIGH or lOW 
3.0 
3.5 


twill 
CPAorCPB 
3.0 
3.5 
ns 
2-4 


~National 
~ 
semiconductor 


29F68 
Dynamic RAM Controller 


General Description 
The 29F68 is a high-performance memory controller, re- 
placing many S81 and MSI devices by grouping several 
unique functions. It provides two 9-bit address latches and 
two 9-bit counters for row and column address generation 
during refresh. A 2-bit bank select latch for row and column 
address generation during refresh, and a 2-bit bank select 
latch for the two high order address bits are provided to 
select one of the four RAS and CAS outputs. 
The 29F68 is functionally equivalent to AMD's Am2968 and 
Motorola's MC74F2968. 


Features 
• 
High-performance memory controller 
• 
Replaces many SSI and MSI devices by grouping 
several unique functions 
• 
Functionally equivalent to AMD's Am2968 and 
Motorola's MC74F2968 
• 
Provides control for 16K, 64K, or 256K dynamic RAM 
systems 
• 
Outputs directly drive up to 88 DRAMs 
• 
Highest order two address bits select one of four banks 
of RAMs 
• 
Chip Select for easy expansion 
• 
Provides memory refresh with error correction mode 


Pin Assignment 
for LCC and PCC 


AR7~A%ACsARsLE 
GNDAC4AR4~AR3A~AR2 
~1lJl1m1I1l1i!l~1i3Ijj]IllJ[j)jj]J[I][[) 


AC7~ 


ARs~ 


ACs~ 


SELo~ 


SEL,I§ 


WC, g§I 
wCo~ 


RASI~ 


CAS3~ 


RAS3~ 


CAS2~ 


NC~ 


RAS2 ~ 


1HI~~Im~~H21I!11~[g~~~ 


Os 07 
06 Os Va; Va; OE GND 04 ~ 
~ 
0, 
He 


fiNC 


[[) AC, 
[II AR, 
rn ACo 
rn ARo 


mWSEL 
mcs 


~CASI 


~ 
RASO 
~ 
CASo 


~ 
RASo 


~ 
CAS, 


~Oo 


Pin Description 
, 


Name 
I/O 
Description 


ARo-ARa 
I 
Address 
Inputs. 
ARo-ARa 
are latched 
in as the 9-bit Row Address 
for 


ACo-ACa 
the RAM. These 
inputs drive Oo-Oa 
when the 29F68 
is in the Read/ 
Write mode and MSEL is LOW. ACo-ACa 
are latched 
in as the Column 
Address, 
and will drive Oo-Oa 
when MSEL is HIGH and the 29F68 
is in 
the Read/Write 
mode. The addresses 
are latched 
with the Latch 
Enable (LE) signal. 


SELo-SEL1 
I 
Bank 
Select. 
These two inputs are normally 
the two higher order 
address 
bits, and are used in the Read/Write 
mode to select which 
bank of memory 
will be receiving 
the RASn and CASn signals 
after 
RASI and CASI go HIGH. 


LE 
I 
Latch 
Enable. 
This active-HIGH 
input causes the Row, Column 
and 
Bank Select 
latches 
to become 
transparent, 
allowing 
the latches 
to 
accept 
new input data. A LOW input on LE latches the input data, 


assuming 
it meets the setup and hold time requirements. 


MSEL 
I 
Multiplexer 
Select. 
This input determines 
whether 
the Row or Column 
Address 
will be sent to the memory 
address 
inputs. When MSEL is 
HIGH the Column Address 
is selected, 
while the Row Address 
is 
selected 
when MSEL is LOW. The address 
may come from either the 


'J' 
address 
latch or refresh 
address 
counter 
depending 
on MCo, MC1. 


CS 
I 
Chip Select. 
This active-LOW 
input is used to enable the 29F68. When 
CS is active, the 29F68 operates 
normally 
in all four modes. 
When CS 
goes HIGH, the device will not enter the Read/Write 
mode. This allows 
other devices 
to access 
the same memory 
that the 29F68 
is controlling 
(e.g., DMA controller). 


OE 
I 
Output 
Enable. 
This active-LOW 
input enables/disables 
the output 
signals. When OE is HIGH, the outputs 
of the 29F68 enter the high 


impedance 
state. The OE signal allows 
more than one 29F68 to control 
the same memory, 
thus providing 
an easy method 
to expand 
the 
memory 
size. 


MCo, MC1 
I 
Mode 
Control. 
These inputs are used to specify 
which of the four 
operating 
modes the 29F68 should 
be using. The description 
of the 
four operating 
modes is given in the Mode Control 
Function 
Table. 


Oo-Oa 
a 
Address 
Outputs. 
These address 
outputs 
will feed the DRAM address 
inputs and provide 
drive for memory 
systems 
up to 500 pF in 
capacitance. 


RASI 
I 
Row Address 
Strobe 
Input. 
During normal memory 
cycles, the 
decoded 
RASn output (RASo, RAS1, RAS2 or RAS3) is forced 
LOW 
after receipt of RASI. In either refresh 
mode, all four RASn outputs 
will 
go LOW following 
RASI going HIGH. 


RASo-RAS3 
a 
Row Address 
Strobe. 
Each one of the Row Address 
Strobe 
outputs 
provides 
a RASn signal to one of the four banks of dynamic 
memory. 


Each will go LOW only when selected 
by SELo and SEL1 and only after 
RASI goes HIGH. All four go LOW in response 
to RASI in either of the 
Refresh 
modes. 


CAS I 
I 
Column 
Address 
Strobe 
Input. 
This input going active will cause the 
selected 
CASn output to be forced 
LOW. 


CASo-CAS3 
a 
Column 
Address 
Strobe. 
During normal 
Read/Write 
cycles the two 
select 
bits (SELo, SEL1) determine 
which CASn output will go active 
following 
CASI going HIGH. When memory 
error correction 
is 
performed, 
only the CASn signal selected 
by CNTRo and CNTR1 will be 
active. 
For non-error 
correction 
cycles, 
all four CASn outputs 
remain 
HIGH. 


Functional Description 


The 29F68 
is designed 
to be used with 
16k, 64k, or 256k 
A 9-bit multiplexer 
selects 
the output 
address 
between 
the 


dynamic 
RAMs 
and 
is functionally 
equivalent 
to 
AM D's 
input row address, 
column 
address, 
refresh 
counter 
row ad- 


AM2968. 
The 
29F68 
provides 
row/column 
address 
multi- 
dress, 
column 
address, 
or zero 
(clear). 
Four RAS and four 


plexing, 
refresh 
address 
generation 
and bank selection 
for 
CAS 
outputs 
select 
the 
appropriate 
bank 
of 
RAMs 
and 


up to four banks 
of RAMs. 
strobe 
in the row and column 
addresses. 


Twenty 
(20) address 
bits (ARo-ARe, 
ACo-ACe, 
and 
bank 
It should 
be 
noted 
that 
the 
counters 
are 
cleared 
(MCo, 


select 
addresses 
SELo and SEL1) are presented 
to the con- 
MC1 = 1,1) on the nex1 RASI transition, 
but the a outputs 


troller. 
These 
addresses 
are latched 
by a 20-bit latch. A 20- 
are asynchronously 
cleared 
through 
the mUltiplexer. 


bit counter 
generates 
the refresh 
address. 


Mode Control 
Function 
Table 


MC1 
MCo 
Operating 
Mode 


0 
0 
Refresh 
without 
Error Correction. 
Refresh 
cycles are performed 
with 
only the Row Counter 
being used to generate 
addresses. 
In this mode, 
all four RASn outputs 
are active while the four CASn signals are kept 


HIGH. 


0 
1 
Refresh 
with Error Correction/lnitialize-During 
this mode, refresh 
cycles are done with both the Rowand 
Column 
counters 
generating 
the addresses. 
MSEL is used to select between 
the Rowand 
Column 
counter. 
All four RASn outputs 
go active in response 
to RASI, while 
only one CASn output goes LOW in response 
to CASI. The Bank 
Counter 
keeps track of which CASn output will go active. This mode is 
also used on system power-up 
so that the memory 
can be written 
with 
a known data pattern. 


1 
0 
Read/Write-- 
This mode is used to perform 
Read/Write 
cycles. 
Both 
the Rowand 
Column addresses 
are latched 
and multiplexed 
to the 
address 
output lines using MSEL; SELo and SEL1 are decoded 
to 
determine 
which RASn and CASn will be active. 


1 
1 
Clear Refresh 
Counter-This 
mode will clear the three refresh 
counters 
(Row, Column, 
and Bank) on the HIGH-to-LOW 
transition 
of 
RASI, putting them at the start of the refresh 
sequence. 
In this mode, 


all four RASn are driven LOW upon receipt 
of RASI so that DRAM 
wake-up 
cycles may be performed. 
This mode also asynchronously 


L 
clears the an outputs. 


Address 
Output 
Function 
Table 


CS 
MC1 
MCa 
MSEL 
Mode 
MUXOutput 


L 
L 
L 
X 
Refresh 
without 
Error Correction 
Row Counter 
Address 


L 
H 
H 
Refresh 
with Error Correction 
Column 
Counter 
Address 


L 
Row Counter 
Address 


H 
L 
H 
Read/Write 
Column Address 
Latch 


L 
Row Address 
Latch 


H 
H 
X 
Clear Refresh 
Counter 
Zero 


H 
L 
L 
X 
Refresh 
without 
Error Correction 
Row Counter 
Address 


L 
H 
H 
Refresh 
with Error Correction 
Column Counter 
Address 


L 
Row Counter 
Address 


H 
L 
X 
Read/Write 
Zero 


H 
H 
X 
Clear Refresh 
Counter 
Zero 


RAS Output 
Function 
Table 


RASI 
CS 
MCl 
MCo 
SELl 
SElo 
Mode 
RASo 
RASl 
RAS2 
RASa 


L 
X 
X 
X 
X 
X 
Non-refresh 
H 
H 
H 
H 


H 
L 
L 
L 
X 
X 
Refresh 
without 
Scrubbing 
L 
L 
L 
L 


L 
H 
X 
X 
Refresh 
with Scrubbing 
L 
L 
L 
L 


H 
L 
L 
L 
Read/Write 
L 
H 
H 
H 
. 


L 
H 
H 
L 
H 
H 


H 
L 
H 
H 
L 
H 


H 
H 
H 
H 
H 
L 


H 
H 
X 
X 
Clear Refresh 
Counter 
L 
L 
L 
L 


H 
L 
L 
X 
X 
Refresh 
without 
Error Correction 
L 
L 
L 
L 


L 
H 
Refresh 
with Error Correction 
L 
L 
L 
L 


H 
L 
Read/Write 
H 
H 
H 
H 


H 
H 
Clear Refresh 
Counter 
L 
L 
L 
L 


CAS Output 
Function 
Table 


Inputs 
Internal 
Counter 
Inputs 
Outputs 


CAS I 
CS 
MCl 
MCo 
CNTRl 
CNTRo 
SELl 
SElo 
CASo 
CASl 
CAS2 
CASa 


H 
L 
L 
L 
X 
X 
X 
X 
H 
H 
H 
H 


L 
H 
L 
L 
X 
X 
L 
H 
H 
H 


L 
H 
H 
L 
H 
H 


H 
L 
H 
H 
L 
H 


H 
H 
H 
H 
H 
L 


H 
L 
X 
X 
L 
L 
L 
H 
H 
H 


L 
H 
H 
L 
H 
H 


H 
L 
H 
H 
L 
H 


H 
H 
H 
H 
H 
L 


H 
H 
H 
X 
X 
X 
X 
H 
H 
H 
H 


L 
L 
X 
X 
X 
X 
H 
H 
H 
H 


L 
H 
L 
L 
X 
X 
L 
H 
H 
H 


L 
H 
H 
L 
H 
H 


H 
L 
H 
H 
L 
H 


H 
H 
H 
H 
H 
L 


H 
L 
X 
X 
X 
X 
H 
H 
H 
H 


H 
H 


L 
X 
X 
X 
X 
X 
X 
X 
H 
H 
H 
H 


54F/74F 


Pin Names 
Description 
U.L. 
Input IIHIIIL 


HIGH/LOW 
Output 
IOH"OL 


AGo-ACe 
Column 
Address 
1.0/1.0 
20 IJ-A/ -0.6 
mA 


ARo-ARe 
Row Address 
1.0/1.0 
20 IJ-A/-0.6 
mA 


oo-oe 
Address 
Outputs 
50/33.3 
-1 
mA/20 
mA 


MCo. MC1 
Memory 
Cycle 
1.0/1.0 
20 IJ-A/ - 0.6 mA 


CS 
Chip Select 
Input 
1.0/1.0 
20 IJ-A/ - 0.6 mA 


MSEL 
Multiplexer 
Select 
Input 
1.0/1.0 
20 IJ-A/ - 0.6 mA 


LE 
Latch Enable 
Input 
1.0/1.0 
20 IJ-A/ -0.6 
mA 


SELo. SEL1 
Select 
Inputs 
1.0/1.0 
20 IJ-A/ -0.6 
mA 


RASI 
Row Address 
Strobe 
In 
1.0/1.0 
20 IJ-Al-0.6 
mA 


CAS I 
Column Address 
Strobe 
In 
1.0/1.0 
20 IJ-A/ -0.6 
mA 


FfASo-FfAS3 
Row Address 
Stobe Outputs 
50/33.3 
-1 
mAl20mA 


CASo-CAS3 
Column Address 
Strobe Outputs 
50/33.3 
-1 
mA120mA 
DE 
Output 
Enable 
1.0/1.0 
20 IJ-Al-0.6 
mA 


LATCH 
LATCH 
LATCH 


~ 
(BANK) 
f--t 
(wss) 
_ 
(LS8) 


Q 
Q 
Q 


2 
I 


- 


rL-' 
I 
! 
! 


Cl 
Cl 
Cl 


BANK 
COLUWN 
ROW 
COUNTER 
COUNTrR 
COUNTrR 


Q 
Q 
Q 


L 
tt 
CNTRo 
• 
, 
I 


~ 
~7 
L). 
2} 
9 
9 
9 
9 
r 
1 
RAS 
r- 
CJ,5 
WUX 
So-5, 


CODE 
CODE 
CONTROl 
~ 
WUX 


I 
I 
I 
I 


9 


~'7 
~"7 
•. I.z. 


,. 


~ 
• 
.~ 
• 
WC, we" 
RASn 
CJ,51 
CAS. 
Q. 
liE 


TlIF 
19608-3 


4-647 
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MEMORY CYCLE TIMING 
---------------------------------------------------- 
RASI/CASI 
PULSE WIDTHS 


ARn,ACn :::)E 
_ 


____ 
~C 


CASn 
------ 


Note A: Guaranteed 
maximum difference 
between fastest RASI to RASn delay and the slowest An to Qn delay on any single device. 


Note B: Guaranteed 
maximum difference 
between fastest MSEL to an delay and the slowest RASI to RASn delay on any single device. 


Note C: Guaranteed 
maximum difference 
between fastest CASI to CASn delay and the slowest MSEL to Qn delay on any single device. 


FIGURE 2. Specifications 
Applicable to Memory Cycle Timing (MCn = 1,0) 


WCn ::)E 
_ 


____ 
~C 


CASn 
------- 


FIGURE 4. Specifications 
Applicable to Refresh Cycle Timing (MCn = 00,01) 


Note B: Guaranteed 
maximum difference 
between fastest MSEL to an delay and the slowest RASI to ~n 
delay on any single device. 


Note C: Guaranteed 
maximum difference 
between fastest CASI to Ci:Sn delay and the slowest MSEL to an delay on any single device. 


Note 0: Guaranteed 
maximum difference 
between fastest RASI to RASn delay and the slowest Men to an delay on any single device. 


wc" =>E 
W_C_"_=_O_l 
_ 


~.~~ 
~\::S:S:S:\..-:\.._------ 


RASI 
f 


Absolute Maximum Ratings 
(Note 1) 
Recommended 
Operating 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Conditions 
pi ease 
contact 
the 
National 
Semiconductor 
Sales 
Free Air Ambient 
Temperature 
Office/Distributors 
for availability 
and specifications. 
Military 
-55'C 
to + 125'C 
Storage 
Temperature 
- 65'C to + 150'C 
Commercial 
O'Cto 
+70'C 


Ambient 
Temperature 
under Bias 
-55'C 
to + 125'C 
Supply 
Voltage 


Junction 
Temperature 
under Bias 
- 55'C to + 175'C 
Military 
+4.5Vto 
+5.5V 


Vee 
Pin Potential 
to 
Commercial 
. 
+ 4.5V to + 5.5V 


Ground 
Pin 
-0.5V 
to + 7.0V 
,. 


Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 


Input Current 
(Note 2) 
-30 
mA to +5.0 
mA 


Voltage 
Applied 
to Output 
in HIGH State 
(with Vee = OV) 
Standard 
Output 
-0.5VtoVee 
TRI-STATE® 
Output 
-0.5V 
to + 5.5V 


Current 
Applied 
to Output 
in LOW State (Max) 
twice the rated IOL (mA) 


Note 
1: Absolute 
maximum 
ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 


these conditions 
is not implied. 


Note 
2: Either voltage 
limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 
Parameter 
54F174F 
Units 
Vcc 
Conditions 
Mln 
Typ 
Max 


VIH 
Input HIGH Voltage 
2.0 
V 
Recognized 
as a HIGH Signal 


Vil 
Input LOW Voltage 
0.8 
V 
Recognized 
as a LOW Signal 


VeD 
Input Clamp Diode Voltage 
-1.2 
V 
Min 
IIN = -18mA 


VOH 
Output 
HIGH 
54F 10% Vee 
2.5 
10H = -1 
mA 


Voltage 
54F 10% Vee 
2.4 
10H = -3mA 


74F 10% Vee 
2.5 
V 
Min 
10H = -1 
mA 


74F 10% Vec 
2.4 
10H = -3mA 


74F5% 
Vee 
2.7 
10H = -1 
mA 


74F 5% Vee 
2.7 
10H = -3mA 


VOL 
Output 
LOW 
54F 10% Vee 
0.5 
10l = 1.0mA 


Voltage 
54F 10% Vee 
0.8 
V 
Min 
10l = 12.0 mA 


74F 10% Vee 
0.5 
10l = 1.0 mA 


74F 10% Vee 
0.8 
10l = 12.0 mA 


IIH 
Input HIGH Current 
20 
I'-A 
Max 
VIN = 2.7V 


leVI 
Input HIGH Current 
100 
I'-A 
Max 
VIN = 7.0V 


Breakdown 
Test 


III 
Input LOW Current 
-0.6 
mA 
Max 
VIN = 0.5V 


10lH 
Output 
Leakage 
Current 
50 
I'-A 
Max 
VOUT = 2.7V 


lOll 
Output 
Leakage 
Current 
-50 
I'-A 
Max 
VOUT = 0.5V 


los 
Output Short-Circuit 
Current 
-60 
-150 
mA 
Max 
VOUT = OV 


leEX 
Output 
HIGH Leakage 
Current 
250 
I'-A 
Max 
VOUT = Vee 


III 
Bus Drainage 
Test 
500 
I'-A 
O.OV 
VOUT = 5.25V 


leeH 
Power Supply Current 
300 
mA 
Max 
Vo = HIGH 


leel 
Power Supply Current 
300 
mA 
Max 
Vo = LOW 


leel 
Power Supply Current 
300 
mA 
Max 
Vo = HIGHZ 
• 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


29F 
Military 
Commercial 


29F 
29F 


TA = +25"C 
TA. Vcc = Mil 
TA. Vcc = Com 
TA. Vcc = Com 
Fig. 


Symbol 
Parameter 
Vcc = +5.0V 
Units 


CL = 50pF 
CL = 50pF 
CL = 50pF 
CL = 500pF 
No. 


Mln 
Max 
Mln 
Max 
Mln 
Max 
Mln 
Typ 
Max 


tpLH 
Propagation 
Delay 
3.0 
11.0 
2.5 
12.0 
19.0 


tpHL 
AR to Qn 
3.0 
11.0 
2.5 
12.0 
22.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
3.0 
11.0 
2.5 
12.0 
19.0 


tpHL 
AC to Qn 
3.0 
11.0 
2.5 
12.0 
22.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
3.5 
12.0 
3.0 
13.0 
23.0 


tpHL 
RASlto 
RASj 
3.5 
12.0 
3.0 
13.0 
20.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
1.0 
8.0 
1.0 
8.5 
19.0 


tpHL 
CASltoCASj 
1.0 
8.0 
1.0 
8.5 
17.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
3.0 
13.0 
2.5 
14.0 
24.0 


tpHL 
MSEL toQn 
3.0 
13.0 
2.5 
14.0 
21.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
4.0 
15.0 
3.5 
16.0 
25.0 


tpHL 
MCntoQn 
4.0 
15.0 
3.5 
16.0 
22.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
3.5 
17.5 
3.0 
18.5 
24.0 


tpHL 
MCnto 
RASn 
3.5 
17.5 
3.0 
18.5 
22.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
4.0 
12.5 
3.5 
13.5 
23.0 


tpHL 
MCnto 
CASn 
4.0 
12.5 
3.5 
13.5 
21.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
4.0 
15.0 
3.5 
16.0 
25.0 


tpHL 
LEtoRASn 
4.0 
15.0 
3.5 
16.0 
24.0 
ns 
2-3 


tpLH 
Propagation 
Delay 
5.0 
13.5 
4.5 
14.5 
24.0 


tpHL 
LEtoCASn 
5.0 
13.5 
4.5 
14.5 
24.0 
ns 
2-3 


tpLH 
Propagation 
Delay 


-;- 
3.5 
12.0 
3.0 
13.0 
23.0 


tpHL 
LEtoQn 
3.5 
12.0 
, 
3.0 
13.0 
22.0 
ns 
2-3 


AC Electrical Characteristics: 
See Section 
2 for Waveforms 
and Load Configurations 


29F 
Military 
29F 
Commercial 
29F 


TA = +2S'C 
TA. Vcc = Mil 
TA. VCC = Com 
Fig. 
Symbol 
Parameter 
Vcc = +S.OV 
Cl = SOpF 
Cl = SOpF 
Units 
No. 
Cl = 50 pF 


Mln 
Max 
Min 
Max 
Mln 
Max 


tpZH 
Output 
Disable Time 
1.0 
9.5 
1.0 
10.0 
2-5 
ns 
tpZl 
OEtoQn 
1.0 
9.5 
1.0 
10.0 


tpZH 
Output 
Disable Time 
1.0 
9.5 
1.0 
10.0 
2-5 
tpZl 
OEtoQn 
1.0 
9.5 
1.0 
10.0 
ns 


tpHZ 
Output 
Disable Time 
1.0 
9.5 
1.0 
10.0 
2-5 
tPlZ 
OEto 
RASn 
1.0 
9.5 
1.0 
10.0 
ns 


tpZH 
Output 
Disable Time 
1.0 
9.5 
1.0 
10.0 
2-5 
ns 
tpZl 
OEto 
RASn 
1.0 
9.5 
1.0 
10.0 


tpHZ 
Output 
Disable Time 
1.0 
9.5 
1.0 
10.0 
2-5 
ns 
tpLZ 
OEto 
CASn 
1.0 
9.5 
1.0 
10.0 


tpZH 
Output 
Enable Time 
1.0 
9.5 
1.0 
10.0 
2-5 
tpZl 
OEto 
CASn 
1.0 
9.5 
1.0 
10.0 
ns 


twlH) 
Pulse Width, 
HIGH or LOW 
15.0 
15.0 
2-4 
twlL) 
CASn, RASn 
15.0 
15.0 
ns 


tskew 
Qn to CASn, RASn 
10.0 
10.0 
ns 


AC Operating Requirements: 
See Section 
2 for Waveforms 


29F 
Military 
29F 
Commercial 
29F 


Symbol 
Parameter 
TA = +2S'C 
TA. Vcc = Mil 
TA. Vcc = Com 
Units 
Fig. 


Vcc = +S.OV 
No. 


Min 
Max 
Min 
Max 
Min 
Max 


tslH) 
Setup Time, HIGH or LOW 
5.0 
5.0 


tslL) 
An to LE 
5.0 
5.0 
ns 
2-6 


thlH) 
Hold Time, HIGH or LOW 
5.0 
5.0 


thlL) 
An to LE 
5.0 
5.0 
ns 
2-6 


tslH) 
Setup Time, HIGH or LOW 
5.0 
5.0 
tslL) 
SEL to LE 
5.0 
5.0 
ns 
2-6 


thlH) 
Hold Time, HIGH or LOW 
5.0 
5.0 
thlL) 
SEL to LE 
5.0 
5.0 
ns 
2-6 


• 


Section 5 
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Bookshelf 
Distributors 


~National 
semiconductor 


FAST® Ordering Information 


The device 
number 
is used to form 
part of a simplified 
purchasing 
code where 
the package 
type and temperature 
range 
are 
defined 
as follows: 


74F 
~X~ 
P 
C 
QR 


Temperature 
Range Family 
T 
L Special 
Variations 
74F = Commercial 
X = Devices 
shipped 
in 13" 
reels 
54F = Military 
QR = Commercial 
grade device 
29F = Commercial 
or Military 
with burn-in 


Device Type 
QB = Military grade device with 
environmental 
and burn-in 


Package 
Code 
processing 


P = Plastic DIP 
Temperature 
Range 
SP = Slim Plastic DIP 
C = Commercial-JEDEC 
o = Ceramic 
DIP 
( - 40'C to + 85'G) 
SO = Slim Ceramic 
DIP 
J = Commercial-EIAJ 
F = Flatpak 
(O'C to + 70'G) SOIC Only 
L = Leadless 
Chip Carrier (LCG) 
M = Military 
Q = Plastic Chip Carrier (PCC) 
(- 
55'C to + 125'G) 
S = Small Outline 
(SOIG) 


For most current packaging information, 
contact Product Marketing. 


JEDEC-EIAJ 
Small Outline 
Package 
Comparison 


14-Pln 
16-Pin 
20-Pin 
24-Pln 
Dim 
Mln 
Max 
Min 
Max 
Min 
Max 
Min 
Max 


A 
0.228 
0.245 
0.228 
0.245 
0.393 
0.420 
0.393 
0.420 


JEDEC 
(5.80) 
(6.20) 
(5.80) 
(6.20) 
(10.0) 
(10.65) 
(10.0) 
(10.65) 


B 
0.149 
0.158 
0.149 
0.158 
0.291 
0.300 
0.291 
0.300 


(3.80) 
(4.00) 
(3.80) 
(4.00) 
(7.40) 
(7.60) 
(7.40) 
(7.60) 


A 
0.300 
0.350 
0.300 
0.350 
0.300 
0.350 
0.300 
0.350 


EIAJ 
(7.62) 
(8.89) 
(7.62) 
(8.89) 
(7.62) 
(8.89) 
(7.62) 
(8.89) 


B 
0.198 
0.245 
0.198 
0.245 
0.198 
0.245 
0.198 
0.245 
(5.02) 
(6.22) 
(5.02) 
(6.22) 
(5.02) 
(6.22) 
(5.02) 
(6.22) 


Units: 
Inch 
(mm) 


owr r 
A 
L 


TL/F/9790-2 


~National 
~ 
semiconductor 


52 Lead Side-Brazed 
Oualln-Line 
Package 
(0) 
NS Package 
Number 
052A 


2626 


I 


I"'·O----------------;;,I 
••i'i.,.,OI----------------~ 
." 
52 
~ 
~ 
u 
u 
u 
q 
u 
« 
u 
~ 
41 
~ 
" 
D 
~ 
~ 
~ 
~ 
n 
n 
31 
~ 
N 
U 
27 
r 
0.'10 
) 
iii.'iiL -'"....,"'" D 


0.••• 
~i13.7zj-----+j 


O.12S 
0.038-0.060 
* 
I 
MAX 
I 
'"""~_.~~- 


.IN 
i 
(2.794-5.0801 


: 
f r=c 
~~ ~ 
~jt~~. 
{2.$40",1I.2$41 
(0.889-1.3117) 
SEATIN6PlANE 
TYP 
TVP 
0.015-0.023 
(O.3Il-0.5I4) 
1YP 


t 


o.350±O.OO8 
~:1 


0003 
..!!!!!. 


~~11J_3811 
,0.076 
MAXTYP 
MINTYP 
0."'" 
-+ 
\O'~SCJI---"T~ 
MAXTYP 
IG.1S21 
MINTYP 


O.41lO 
t---(1Wi---tlo'j 
I 
MAX 
I 


~ 


•••_oo"o 
•••J 
~I'·"".I 
TVP 
MAXnp 
0.590-0.620 
(lUI-15.751 


20 Terminal 
Ceramic 
Leadless 
Chip Carrier 
(L) 
NS Package 
Number 
E20A 


45·x~ 


~ 


jO.381±O,2S4j 


0.007-0,011 


10.178-0.279) 


RTYP 


O.OZ2-tJ.OZ8 


r~ 
--.I 
lVP 


28 Terminal Ceramic Leadless Chip Carrier (L) 
NS Package Number E28A 


0.404 
(10.26 


SO 
D 


0.065-0.076 
1(1.651-1.9301 


14 Lead Ceramic Dual In-Line Package (D) 
NS Package Number J 14A 


0.290-0.320 
I 
(7.366-8.128) 
----...1...-1 • 
• I 


0.180 
I 
I 
i 
--MAX 
(4.572)I 
95° ±SO 


10°MAX 
w... 0.310-0.410 --J 


(7.874-10A1) 


0.025 


(0.635) 
RAD 


I/) 
c:: 
.~ 
16 Lead Ceramic Oualln-Line 
Package (0) 
ii 
NS Package Number J16A 
E 
is 
(iju 
'en 
0.025 
>- 
(0.635) 
~ 
~ 


~ 
0.290-0.320 I" 
0.005--1 


J,-~J(1'366_8'128) 
~ 


0.180 
95°t5° 
0.008-0.012 J 


(~~x~21 
I 
(0.203-0.3:5~ 


0.310 - 0.410 
I-- 
(2:~ 
(7.874 -10.41) 
80TH 


ENOS 


0.005 - 0.020 
(0.127 -0.508) 
RAO TYP 


0.200 
15.0801 


MAX 


18 Lead Ceramic Oualln-Line 
Package (0) 
NS Package Number J 18A 
;1-t 


0.310 
(7.874) MAX 
U 


0.200 
(5.080) MAX 


0.020 - 0.060 


~ 


(0'508-1'5241 
0.125-0.200 
(3.175-5.080) 


--I 0.290 - 0.320 


/(7.366-8.128)1 


r:~GLASS 
SEALANT 


0.180 tIt 
0.008-0.012 


(~~2) 
950t;- 
(0.203-0.305) 
_I 
0.310-0.410 L 
86;y~40 


(7.874 -10.41) 
L 0.100tO.Ol0 
JYP L-J 
(2.540 t 0.254) 


0.018±0.OO3 
(0.457± 0.076) 
TYP 


0.098 
(2.489) 
MAX 
80TH ENOS 


0.150 


13.810) 
MIN 


20 Lead Ceramic Dual In-Line Package (D) 
NS Package Number J20A 


~ 
(4.572) 


MAX 


0.290-0.320 


(7.366-8.128)~ 


l.- 0.310 - 0.410 -.l 


(7.874-10.41) 


0.985 
_-----(25.019) 
-----~ 


MAX 


-- 0.020-0.050 


'~ 
hl~ 
(3.810) 
0.125-0.200 


MIN 
13.175-5.080) 
t 
t 


0.008-0.012 
86" 9J" 


(0.203 - 0.305) 


0.050 
(1.524) 


MAX 
80TH 
ENOS 


0.018±0.003 
_IL 
(0.457* 0.0761II 


24 Lead Ceramic Dual In-Line Package (D) 
NS Package Number J24A 


I 


0.600 


• 
(15.240) 
f 
MAX 
,GLASS 


0.514-0.526 


(13.06-13.361 
_1 


0.025 


(0.635) 


RAO 


0.030-0.055 


10.762-1.3971 
RAO TYP 


0.125-0.200 
--- 
(3.175-5.080) 
MIN 


0.150 


(3.810) 
MIN 


24 Lead Slim (0.300" Wide) Ceramic Oualln-Line 
Package (SO) 
NS Package Number J24F 


1.290 
(32.77) MAX 


0.030-0.055 


(0.162-1.391) 


RAD TlYP 
0.290-0.320 J-- 


(1.366-8.128) 
I 


~ 
_4." 
&~--:r:-~ 
~ 
~;~-0.305) 


0.310-0.410 


(1.814-10.411 


0.060 ±D.005 TYP 


(1.524 ±D.121) 


0.100 ±D.Ol0 
I 
I 
(2.54 ±D.254)--I 
f-- 


TYP 


28 Lead Ceramic Oualln-Line 
Package (0) 
NS Package Number J28A 


·1----Plo~62~00) 
) l""'~ 


0.514-0.526 
CC' 


0.025 


(0.6351 
RAO 


0.030-0.055 


(0.162-1.3911 
RAD TVP 
0.180 


(4.5121 
MAXL 


950 '50 
0.008-0.012_ 
(0.203-0.305) 
L 


0685 
+0.025 
I 
. 
-0.060 ----j 


(17 40 +0.635) 
. 
-1.524 
II 
0.060-0.100 


(1.524-2.540) 


--I II 


0.100 '0.010 


(2.540 '0.254) 


---1h 


0.018 '0.002 


(0.451 '0.5081 


14 Lead Small Outline Integrated 
Circuit (S) 
NS Package Number M14A 


0.010-0.020 
X45~ (r~~:~=~:~~) 
r 


(0.254-0.508) 
8. MAX TYP 


_--_ 
ALL LEADS 
~A~=fu, 
+ 
o.oosr:- .-r-JIt 
(0.203-0.254) 
I 
0.01a -0.050 


TYPALL LEADS 
0.004 
(0.406 - 1.270) 
(0.102) 
TYPALL LEADS 


ALL LEAD TIPS 


30· 


~& 
7-, 


~MAX 
(0.254) 


0.053-0.0ag 
(1.346 -1.753) 


t 
0.004 -0.010 


~~0.254) 
~J I-JL -ID-0020 
TYP 
(1.270) 
(0.356-0.508) 


TYP 
.!.QQ! TYP 
(0.203) 


IIlI .•••. jREV 
•.•1 


+ 


t 
f 
0.014 
(0.356) 


14 Lead Small Outline Package - 
EIAJ (SJ) 
NS Package Number M14D 
~§€ 
J L 0.01S-0.031 
(0.406- O.T8n 


DETAILF 


~(~O~~=~o~~)6J 


I 
~"" 
.•~ 


0.295 - 0.31g 
0.205 - 0.213 
'T~o 
cr 


II)c 
"~ 
16 Lead Small Outline Integrated 
Circuit (S) 
~ 
NS Package Number M16A 
E 
i5 
Ii 
(,) 
"in>- 
~ 
D. 


=1 


0.150-0.157r 
i3.iiHiiii 


~)(45· 
r 
10.250- 0.501) 
8" MAX TVP 
L ---- 
All 
LEADS 


..bf 
&. 
+ 
DOOle ~J 
L--:J0050 


10.103-0.250) 
I 
- 
(0.<06-1.170) 
TYPALl LEADS 
0.004 
lYP All 
LEADS 
10.1011 
All lEAD TIPS 


0.1153-0.061 
(1.~-1.7531 
~ 


0.004-0.010 
(0.101-0.254) 


~ 
SEATING 
JL 
t 
PlANE 


0.014-0.020 lYP 
(0.356- 0.501) 
J LI~:II 


1YP~ 


16 Lead (0.300" Wide) Small Outline Integrated 
Circuit (S) 
NS Package Number M16B 


'.001-0.013 
(0.221-0.330) 
lYP All LEADS 
Lt 


0.291-0.219~:u-- 
1 


~.5" 
(0.254-0.737) 
)( 


8" MAX TVP4 


S 
[~ 
(0.406-1.2701 
TVP AlllEAO$ 


0.398-0.413 
~ll0.l1-10.50I~ 
t1~ 
~ ~ 13 
12 
1~ A 
~ I 


1 


0.394-0 
.• 19 


(10.01-10.64) 


0.093 - 0.104 
12.362-2.642) 


t 


--;-~~0012 
0.305) 


f 
I~t::) 
I L~ JLJLO.014_0.0ZOTYP 


---. 
(1.270) 
(0.356-0.5081 
TVP 
..!!!2!T'tP 


(0.203) 
"nt8(fU'vE! 


16 Lead Small Outline Package - 
EIAJ (SJ) 
NS Package Number M16D 
t-JJ€ 
J L0.016-0.031 
(0.406-0.787) 


DETAILF 
nii:::'" 
" 


0.295 - 0.319 
"T~o 


I 


~I 
I 0.049 


~ 
(1.245)REF 


~ 
REF 
0.067 - 0.083 
(1.803) 
(1.702- 2.108) 
L 
~_t 
~-h-~'''~' 
----J l--(~~~)JL0.000-0.010 


0.014-0.020 
(0.000-0.254) 


(0.356- 0.508) 


20 Lead Small Outline Integrated 
Circuit (S) 
NS Package Number M20B 


-f 


0.291-0.299 
(7.391-7.595) 


0.010-0.029 
o4S· r 
10.254-0.737) x 


~.-r 
O.IIIl'l-0.013 
10.219-0.3301 


TYP All lEADS 


0004 
/ 


(0.102) 
All LEADTIPS 


0.093-0.104 
(2.362-2.6421, 


1° MAX TVP 
\4$ 


.- 
0.016-0.050 
(0.'06-1.2701 
TYP All lEADS 


~ 


0.004-0'012 
L 
10.102-0.305) 


~~__ 
---- 
~SEAJlNG 
iI:b -I \- (~J~JJL 
_IL I::~i=~;~,p 


D.ooa 
TVP 


(0.203) 
M206(REV 
F) 


20 Lead Small Outline Package - 
EIAJ (SJ) 
NS Package Number M20D 


~JJ€ 
J L~ 
(0.406- 0.787) 


DETAIL F 


0.071 REF 
0.067 - 0.083 
(1.803) 
(1.702 - 2.108) 
L_---_~ 
~-+r~~· 
... 
-J l-(~:~~) J Lo.000_o.ol0 
(0.000- 0.254) 
0.014 - 0.020 
(0.356- 0.508) 


24 Lead Small Outline Integrated Circuit (S) 
NS Package Number M24B 


0.596-0.612 
_ 


(15.14-15.54) 
~ I 
n 
21 
W 
19 
18 
11 
16 
15 
14 
13 


~ 
(0.229-0.330) 
TVP All 
lEADS 


-+-t 


0.291-0.299 
__ 
~ 


(7.391-7.594) 


.!:!1L----" 


1 


(0.432) 
x45° 


~~ 
(0102-0305) 
~ 
tJ 
I 
JL-----' 
~ 
0050 
0014-0019 
(1.210) 
(0.356-0.4831 


TYP 


0.037-0.044 
(0.940-1.118) 


+ 
t 


0.093-0.104 
12.362-2.642) 


+ 
1 J 


(0.102) 
ALL lEAD TIPS 


0° - 8° TVP ALL LEADS 
~ 
[t 
0.030-0.050 
(0.762-1.270) 
TVP ALL LEADS 


28 Lead Small Outline Integrated 
Circuit (S) 


*NS Package Number M28B 


10.65 (0.420) 
10.00 (0.393) 
__ 
L 


I' 
18.10 (0.713) 
'I 
17.70 (0.696) 


~ 
1.27 (0.050) 
0.49 (0.020) 
sse 
0.35 (0.013) 


0.75 (0.030) x450 
0.25 (0.009) 
~:~~t~~ 
...-:--::- 
-::- 
-:=_-::;'_t:._-:--l,:_KJ ~:: ::~i 
\Je~: c- 
0.30 (0.012) 
0.10 (0.003) 


1.27 (0.050) 
0.40 (0.015) 


• For most 
current 
package 
information 
contact 
product 
marketing. 


14 Lead Plastic Dual In-Line Package (P) 
NS Package Number N14A 


C 


O 
740-0 
770 
~ 
(1880-1956) 
- 
~ 


- 
(2286) 


14 
13 


~ 


0.250±0.01O 
(6.350±0.254) 
--i 


+ 
0.020 


(OM~8) 0.125-0.150 -II 


(3.175-3.810) 


0.014-0.023 
TYP---" 
.- 


(0.356 -0.5841 


LE 


t 
90° ±4° TYP 


I 


I-+-kl 
0.075 ±0.015 
(1.90HO.38l1 


_ 
0.loo±0.010 
TYP 
(2.540± 0.254) 
_(~~~::~~ITYP 


0.300-0.320 
I~~~) 


~ 
ota-0.016 
TYP 
IJ..::!5 


0 ~I~ 
(0.203-0.406) 
L 


o.21O 
(7.112)--' 
MIN 


1••••0-----.; 
••••. 
1 


0.32~ ~~: 


(8255 +1.016) 
. 
-0.381 


16 Lead Plastic Dual In-Line Package (P) 
NS Package Number N16E 


1 
2 


OPTION02 
0.065 
10.300-0.320 r- 
(1.651) 
t£;,:'~t_!~.~ 
I-- 
0.280 -I 
(0.203-0.<406) 
I.~.I 
(0.325 ~g:g~ 


(8255+1.016) 
. 
-0.381 


18 Lead Plastic Dual In-Line Package (P) 
NS Package Number N18A 


0.092 
0.030 
--x-- 
12.336) 
(0.762) 
NOM 
MAX 
OEEP (2 PLCS) 


0.843-0.870 
~ 
(21.41-22.10) 


15 
14 
13 
12 
11 , 


0.250 .0.005 


16.350 .0.127) 
---.i 


~ 


0'280~ 
(7.112) 


MIN 


0.300-0.320 


Ir: 


o 


-: '.2; I 
j£?\ 


[. 
·1 
+0.040 
0.325 -4.015 


(8255 
+1.016) 
\ 
-4.381 
J 
0.025.0.015 


(0.635 .0.3811 
f-- J 


0.100.Ml0 


12.540 '0.254) 
TYP 


I_" 
0.018 '0.003 
~ I-10.457 '0.076} 


20 Lead Plastic Dual In-Line Package (P) 
NS Package Number N20B 


0.092 x 0.030 


12.331 x 0.762) 


MAX 
DP 
-I 


0.240-0.260 


(6.096-6.604) 
-.l 
~I~:~~);'I 
MIN 


0290-0325 
c·_,m'l 
I 
I 
(~r~1 
g _".-",,1 J 
V 
9 
7.5' ±7~ 
10203-0381) 


I 
I 


0040 
OM 
----- 
-11.D16)N 
~NDM 
18.8901 


I, 
0.100.0.010 
I 
f-- 12.540 .0.254)--j 


0'032±0'005~' 
" 
ID.l13'0.1271 
RAD 


PIN NO. lIDENT~ 


1 


I 
I 
0.020 


10.5081 
MIN 


24 Lead Plastic Dual In-Line Package (P) 
NS Package Number N24A 


0.062 


IU75) 
RAD 


0.580r: 


l14.73) 


MIN 


0.800-0.620 
IFl15.24-15.7481 


, 


DDTIED 
OUTliNES 
REFLECT 
ALTERNATE 
MOLDED 
BOOY CONFIGURATION 


0.030 


10.762) 
MAX 


95°±5° 


1_ 
0.625 ~:~~ 
_ I 


r--(15 
875 +G.635)~ 
. 
-Jl.381 


fl"1 
11 
I 
0.540 '0.005 


i]''''' 


• 


24 Lead Slim (0.300" Wide) Plastic Dual In-Line Package (SP) 
NS Package Number N24C 


0.300-0.320 
I"~~"'"~I 


0.325 ~~:~~ 


f8 255 + 1.016) 
~ . 
-0.381 


0.092 
12.337) 


(2 PLS) 
I 


0.260to.OO5 
(6.604to.127) 
I 


0.062 
(1.575) 
RAo 
~J 


0.065 
11.651) 


0.075to.015 
I 
(1.905tO.381) 
I--- 


o.l30to.OO5 
13.302to.127) 


0.020 
0.145-0.200 
fIO.50S) 
(3683-5080) 
MIN 
. 
. 
I 


28 Lead Plastic Dual In-Line Package (P) 
NS Package Number N28B 


O'i~ 
MAX 10600-0620 
--j 


(0'76FtL(15'24-15'75)~1 


0.145-0.210 


'.D-U" 
"~~_5'334) 


(0.229-0.381) 
(~:~~:::::)~ 


20 Lead Plastic Chip Carrier (0) 
NS Package Number V20A 


0.04[5 
(ill3i 


xC5D 


~ 
15" 
VIEWA-A 


~ 


4 SPACES 
AT 
0.050 
11.270) 


0.08lI 
12.032) 
D1A NOM 


PEDESTAL 


0.310-0.330 
(7.874-8.382) 


ICONTACT 
DIMENSION) 


0.032- 0.D40 
10.813-1.016) 


0.165-0.180 
14.191-4.572) 


28 Lead Plastic Chip Carrier (0) 
NS Package Number V28Al" 
SPACES ATr 
0 .••• 
(1.270)or(:~;) 


NOM 
15 
PEDESTAL 


0.321 
22 
18.280) 


NOM 
SQUARE 


o 020l (~:i~~eON) 
[,3-0011 


~ 
(05011) 
~I·I 
(0330-04571 
0165-0180 
(0813-1011) 
MIN 
m 
(4191-45721 
ittm"· 
tt 
~EF~ 
--_ 
(0127-0381) I::1 


0 


. 


450 jl 
-1:-:-m-=:-.::U-'3-)-~f0.,04!O.111 


12.642-2.997) 


(11.43) 
Ref so 
D.415-8.49B 
(12.32-12.57) 


SQUARE 


52 Lead Plastic Chip Carrier 
(Q) 
NS Package 
Number 
V52A 


r" 
12 SPACES AT 
0.050:0.600 
1"70[.. 


12 SPACES AT 
r--0.050::0.600 
I ~-I 


33 
21n 
O.7S0±O.003 
(19.0StO.D76) 


I 


" 
0060 
¢>1"i'"'S2ii 
LEAD '1 !DENT 


.....- 
0 750tO 
003 


119,05±D.0161 


0.165-0.180 
(4.191-4.572) 


0.018-0.040 
(0.451-1.016) 


0.095-0.125 
(2.413-3.175) 


0.026-0.032 
(O.660-0.813) 


TVP 


68 Lead Plastic Chip Carrier 
(Q) 
NS Package 
Number 
V68A 


0.050~0.800 I 
(1.270=20.32) 
16S~ESAT 


68 1 
9 
r 
0 "1 


0.826 
0.050 = 0.800 
(20.98) 
(1.270=20.32) 
NOM 
16SPllCESAT 
L 
.~ 
Q 
(1.270) 


(8.382) 
0 


REF 


OIANOM 
--.t 


PEDESTAL 
-26 


a 
27 
I•• 
0.826 
••I 
(20.98) 
NOM 


0.020 
(0.508) 
MIN 


0.104-0.118 
(2.642 - 2.997) 
1- 
r- 


0.013-0.018 
(0.330-0.457) 
0.910-0.930 
I 
TYP 
(23.11-23.62) 
SQUAREor ,.} 


J!1!!!!. 
(24.13) 
REF SQ 
0.985-0.995 
(25.02 - 2$.27) 
SQUARE 


14 Lead Ceramic Flatpak (F) 
NS Package Number W14B 


0.026-0.035 
(0.660-0.889) 
TYP 


0.004-0.006 jL 
(0.102-0.152) 
TYP 


0.055-0.080 
0.370-0.385 
1-{10397-2.032) 
(9.398-9.779) 
0.050 * 0.005 
(1.270*0.127) 
I 
TYP 


f 
1413121110 
9 


0.280 
(ITi2) 
WAXGLASS 


0.245-0.255 
, ~Unl 


0.015-0.019 j L 
(0.381-M83) 
TYP 


16 Lead Ceramic Flatpak (F) 
NS Package Number W16A 


0.050-0.08111f-- 
(1.270-2.032) 
I 


0.004-0.006 
TYP-tj 
(0.102-0.152) 
II 


- 


19.423-9.906) 


0.007-0.018 r t 
0.050± 
10.178-0.457) 
1 
(1.270± 


TYP 
~I-o. 


0.2501- 


(6.350- 


I, 


.- 
16151413 121110 9 
r 
0.300 
I 


(7.620) 
0.245- 
(6.223- 


MAX.LASS 
__,2 
3 4 5 6 7 8 
t 


DETAllA_: 


, 
i 
, 


PINNO.1.) 


J 


0.250- 
10ENT 
(6.350- 


~ 


0.OD5 TYP 
0.127) 


DODMINTYP 


0.275 
6.985) 


0.370 
9.398) 


II 
0.015-0.019 
-..j ~ 
(0.381-0.482) 
TYP 


1I 
Jl 
0.D08-0.012 
L(..WH""J 


DETAilA 


11- 
_1_ 
0.008-0.012 
(0.203-0.305) 


20 Lead Ceramic Flatpak (F) 
NS Package Number W20A 


0.060-0.090 
(1.524-2.286) 
0.030-0.040 TIP 
(0.762-1.016) 


0.540 
(13.72) t.lAX 


0.050 t 0.005 
1r-(1.270J~.127) 1 


0.250-0.320 
(6.350-8.128) 


120191817161514131211 
---t 
It 


(~:~~~) 
0.260-0.270 
L 


t.lAX GLASS 
(6.604-6.858) 


2 3 
4 5 
6 7 
8 
9 10---t 
0.008-0.012 j 
(0.203-0.305) 
A 
~LA 


OETAI~E~ 
0.250-0.320 
PIN #1 
(6.350-8.128) 


10ENT 


0.250 - 0.320 


~8.128) 


~ 
24 23 22 21 20 19 18 17 16 15 14 13 
t 


0.400 


(10.16) 
0.365-0.380 
MAXGLASS 
(9.271- 
9.652) 


0.011-0.025 1 
~ 
(0.279-0.635) 
9 10 11 12 
- 
i 


0.250-0.320 
(6.350-8.128) 


JL 0.004-0.006 TIPJ L 0.015-0.019 
TIP J 
(0.102-0.152) 
(0.381-0.483) 


24 Lead Ceramic Flatpak (F) 
NS Package Number W24C 
r 


0.080-0.090 
0.590-0.625 


rr 


(2032-202::~±0005 
I"~ 
11~14'99-15'88) 


(1.270±0.127) 


PIN # 1 
IOENT 


II 


OPTION # 1 
(REFER DETAIL "A") 
0004-0009 
__ 


(0 102 - 0 229) 


""Fr 
___I.- 0.008-0.015 


(0.203-0.381) 


DETAIL "A" 
PIN # 1 10ENT OPTION 2 
j 
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ALS/AS 
LOGIC DATABOOK-1990 


Introduction 
to Advanced 
Bipolar 
logic. 
Advanced 
low 
Power Schottky. 
Advanced 
Schottky 


CMOS AC Switching 
Test Circuits and Timing Waveforms. 
CMOS Application 
Notes. 
MM54HC/MM74HC 
MM54HCT 
/MM74HCT. 
CD4XXX 
• MM54CXXX/MM74CXXX. 
Surface 
Mount 


Active 
Filters. 
Analog 
Switches/Multiplexers. 
Analog-to-Digital 
Converters. 
Digital-to-Analog 
Converters 
Sample 
and Hold. 
Temperature 
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Voltage 
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Surface 
Mount 


LAN IEEE 802.3. 
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Data Communications. 
ISDN Components. 
UARTs 
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Transmission 
Line Drivers/Receivers 
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Guide and Cross Reference 
Guides. 
Diodes. 
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NPN Transistors 
Bipolar 
PNP Transistors. 
JFET Transistors. 
Surface 
Mount 
Products. 
Pro-Electron 
Series 
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Power Components. 
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Datasheets 
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Characteristics 


Dynamic 
Memory 
Control. 
Error Detection 
and Correction. 
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Applications 
for the 
DP8408A109A117/18/19/28/29. 
Microprocessor 
Applications 
for the DP8420Al21A/22A 
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Applications 
for the NS32CG821 


Embedded 
System 
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Overview. 
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Processing 
Units. 
Slave Processors. 
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Development 
Systems 
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Tools 


Family Overview. 
300 Series (low-Power) 
Datasheets 
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Design 
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• System 
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Considerations 
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Application 
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FAST® APPLICATIONS 
HANDBOOK-1990 


Reprint 
of 1987 Fairchild 
FAST Applications 
Handbook 
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application 
information 
on the FAST family: 
Introduction. 
Multiplexers. 
Decoders· 
Encoders 
Operators. 
FIFOs • Counters. 
TTL Small Scale 
Integration. 
Line Driving 
and System 
Design 
FAST Characteristics 
and Testing. 
Packaging 
Characteristics 


Continuous 
Voltage 
Regulators. 
Switching 
Voltage 
Regulators. 
Operational 
Amplifiers. 
Buffers. 
Voltage 
Comparators 
Instrumentation 
Amplifiers 
• Surface 
Mount 


Transmission 
Line Drivers/Receivers. 
Bus Transceivers. 
Peripheral 
Power Drivers. 
Display 
Drivers 
Memory 
Support. 
Microprocessor 
Support. 
Level Translators 
and Buffers. 
Frequency 
Synthesis. 
Hi-Rei 
Interface 


The purpose 
of this handbook 
is to provide 
a fully indexed 
and cross-referenced 
collection 
of linear integrated 
circuit 
applications 
using both monolithic 
and hybrid circuits from National 
Semiconductor. 


Individual 
application 
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written 
to explain the operation 
and use of one particular 
device or to detail various 
methods 
of accomplishing 
a given function. 
The organization 
of this handbook 
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of this innate coherence 
by 
keeping 
each application 
note intact, arranging 
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Index. 
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MEMORY DATABOOK-1990 


PROMs, 
EPROMs, 
EEPROMs. 
TTL I/O SRAMs 
• ECL I/O SRAMs 


COP400 
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COP800 
Family. 
COPS Applications. 
HPC Family. 
HPC Applications 
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and MICROWIRE/PLUS 
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Development 
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Series 32000 Overview. 
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Systems 
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Family 


Product 
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Datasheets 
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Application 
Examples 
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Construction. 
Finished 
Package. 
MIL-STD-883. 
MIL-M-38510 
The Specification 
Development 
Process. 
Reliability 
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Device. 
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Devices 
Radiation 
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Quality 
Assurance 
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and Documentation 
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Ownership 
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Testing 
at National 
Semiconductor 
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Circuits 
Surface 
Mount 


Line Card Components. 
Integrated 
Services 
Digital Network 
Components. 
Analog 
Telephone 
Components 
Application 
Notes 


